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PREFACE 


The authors of chapters in this volume of the Annual Review of Psychology 
were requested to select the areas of significant change and advance within their 
fields and then to prepare penetrating evaluations of recent research. Considering 
the large scope of their tasks and the limitations of time and of pages imposed 
upon them, we feel that they have carried out their assignments with remarkable 
success. Not only does the number of articles in each field increase every year, but 
the levels of technical and conceptual refinement in most fields are becoming 
steadily more sophisticated, so that the reviewer’s task becomes ever more de- 
manding. 

Because of the necessity for selectivity of coverage, a reader may feel that in 
any one volume a particular field is slighted, or that the evaluations are incom- 
plete or biased. But we hope over succeeding volumes to represent all major 
fields, advances, and points of view in psychology. The Editorial Committee and 
the editors welcome comments from readers on coverage and treatment. Such 
communications are discussed at our annual meetings when topics and panels of 
prospective authors are established for future volumes. 

At present most chapters cover a fairly broad scope, are about 25 to 30 pages 
long, and appear more than 2 years after the authors accept their assignments. As 
a special innovation, we are planning to commission shorter articles on restricted 
topics to appear relatively quickly. Readers are encouraged to nominate topics 
that warrant such treatment. (It should be pointed out, however, that the Annual 
Reviews do not accept unsolicited chapters.) 

The close of 1972 brought to an end the 5-year term of Professor Gardner 
Lindzey on the Editorial Committee. Throughout his tenure he has contributed 
to the work of the committee with sagacity and enthusiasm, even during the last 
year when he was occupied with the transition from one major departmental 
chairmanship to another. Harold H. Kelley has accepted the Board’s invitation 
to fill this position for the next 5-year period. We also wish to express warm 
appreciation to Miss Jean Heavener, assistant editor, who is our full collaborator 
in the preparation of these volumes. Mrs. Dorothy Read prepared the accurate 
and detailed subject index. 

M.R.R. 
P.H.M. 
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DEVELOPMENTAL PSYCHOLOGY 


EuceEne S. GoLLIN AND Marx Moopy? 
Department of Psychology, University of Colorado, Boulder, Colorado 


The preparation of a chapter on Developmental Psychology for the Annual 
‚Review of Psychology is a devastating experience. The amount of material dis- 
tributed among scores of journals and books cannot possibly be treated in a com- 
prehensive manner. There appears to be no area of psychology that does not re- 
ceive some attention from researchers with developmental interests. The selection 
of areas to be covered and the selection of particular works within the areas to 
be reviewed is extremely difficult. We have attempted to review areas in which 
there is a considerable degree of interest—or a need for more systematic atten- 
tion. We have also tried to select a spectrum of articles for review in each area so 
that readers may derive some sense of the overall quality of the work being con- 
ducted. 


INFANCY 


Interest in infant behavior continued to boom in the past year with the pub- 
lication of approximately 70 selections devoted solely to the topic. Contrary to 
White’s (237) expectations, the use of newborns as subjects for research is not 
approaching that of the white rat or college sophomore. Of the publications 
reviewed for this article only 10% used newborns as subjects. The modal age of 
subjects was between 3 and 8 months. Data on the 24- through 36-month age 
range, however, remained scarce. 


State.—Physiological state continued to be a topic of considerable interest 
in infant behavior. State has been shown to be a determinant of infants’ responses 
to a variety of stimuli. Ashton (7), for example, found that newborns (3-5 days 
in age) demonstrated differential responding to auditory stimuli of different 
frequencies only in quiet sleep. During other states differential responses were 
not obtained. Lamper & Eisdorfer (121) investigated the effects of state as a 
function of stimulus modality and found state affected responding to auditory 
stimuli but not to tactile stimuli, cold, and touch. The authors concluded that 
cold and touch were compelling stimuli and, therefore, overrode the effects of 
state. 


1 The contributions of the two authors to this review were equal. We wish to ex- 
press our gratitude to Richard Olson for his contributions to the section on perception 
and to Marcia Rosser for her aid in assembling the materials for the review and for 
her work in preparing the manuscript. 
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A number of investigators, including Ashton (6, 7), Giacoman (57), Brackbill 
(17, 18), and Lamper & Eisdorfer (121), reported that presentation of intense 
stimuli to infants in an aroused state such as active alert or crying quiets both 
newborns and older infants (57). Brackbill & Ashton suggested that the quieting 
is a result ofa CNS mechanism which acts as a stimulus overload control, al- 
lowing the infant to escape from too much stimulation by moving to a quieter 
state, usually sleep. Van den Daele (226), in a study of this effect with twins, sug- 
gested that the mechanism is genetically determined. Giacoman (57) reported 
that the effects of swaddling for 6-month-old infants (external stimulation) are 
dependent on the internal state of the infant such that hungry infants go to sleep 
with swaddling and satiated infants remain in the active alert state. Thus the 
analysis of the effects of intensive stimulation on state must be evaluated with 
respect to interoceptive as well as proprioceptive stimuli. 

Brackbill (17, 18) hypothesized from data collected on an anencephalic infant 
that the protective mechanism is of subcortical origin. Jackson et al (96) sug- 
gested that the CNS protective mechanism has important consequences for learn- 
ing and perception research with newborns. On the basis of heart rate data these 
authors suggested that the presence of a protective energizing arousal system and 
the relative inaccesibility of an orienting arousal system limit the learning capaci- 
ties of the newborn. 

The significance of state for infant research has been aptly demonstrated. 
However, Lewis & Johnson (126) argued that controlling the effects of state by 
rejecting subjects at the time of testing because they are in an inappropriate state 
may distort the data picture obtained. These authors suggested that there are 
qualitative differences in the behavior of infants rejected and selected on the basis 
of state. It may be that selection on the basis of state includes a number of as 
yet undefined variables which influence infant behavior. 

In light of Bower’s (15) recent work, in which he argued that most studies of 
infant behavior underestimate the infant’s capacities because of confounds due to 
state, the importance of systematic evaluation of state variables cannot be under- 
stated. If, in fact, supine infants are never fully awake and alert, as Bower and 
Prechtl (171) suggested, much of the current work on infants underestimates the 
capacities and abilities of infants. 


Physiological: Measures of attention —The investigation of physiological 
correlates of attention or orienting behavior in infants has focused primarily on 
changes in cardiac activity. For adults a decrease in beats per minute (cardiac 
deceleration) at stimulus onset is correlated with attention or orienting to the 
stimulus; an increase in beats per minute with stimulus onset (cardiac accelera- 
tion) is correlated with startle responses. For infants the relationship of cardiac 
changes to stimulus presentation appears to be a complex function of state, 
stimulus parameters, and age. Berg, Berg & Graham (12) reported that newborns 
and adult subjects show less cardiac orienting behavior than infants 4-6 months 
of age. These age-related differences appeared to be independent of initial heart 
rate level and of differences in the functional relationships with state and stimulus 
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characteristics. Jackson et al (96) reported that newborn infants failed to reliably 
demonstrate cardiac orienting to auditory stimuli in all states except the active 
alert state where a slight trend toward cardiac deceleration was found. 

Berg et al found that the cardiac response to auditory stimuli presented 
to 4-month infants in nonalert states was dependent on stimulus onset parame- 
ters; rapid stimulus onset (short rise time) produced accelerative cardiac re- 
sponses whereas slow stimulus onset (long rise time) produced deceleration. For 
infants in alert states stimulus onset was not effective in producing cardiac 
changes but rather intensity appeared to be the critical variable. Four-month-old 
infants in awake states demonstrated cardiac deceleration with the magnitude of 
deceleration being a function of stimulus intensity. 

Lewis (125) reported that 3-, 6-, and 12-month-old infants in an awake state 
displayed cardiac deceleration to both stimulus onset and offset. Lewis argued 
that deceleration to stimulus onset reflects cognitive activity and that decelera- 
tion to stimulus offset is a simple function of energy changes in the surround. 

The parameters and their interactive qualities involved in cardiac responses 
appear to be in an early stage of investigation. Thus, heart rate measures are not 
available as a general tool for investigating infant orienting behavior. A number 
of reviews concerning the use of cardiac measures may contribute to the gen- 
erality and usefulness of the measure (cf 159, 243). 


Perceptual and cognitive development. —A consistent sequence of changes in 
infant perceptual behavior has been reported by a number of authors. The general 
sequence is as follows: infants less than 6 weeks of age do not display reliable 
preference behavior to either familiar or novel stimuli; between 6 and 8 weeks of 
age a reliable preference for familiar over novel stimuli is obtained; by 8-11 
weeks of age infants consistently prefer novel to familiar stimuli (47, 186, 235, 
237). 

White (237) suggested that at least part of the changes in behavior are due to 
maturation of the visual system and that prior to 6 weeks of age infants are not 
capable of any but the most primitive visual functions and do not often engage 
in visual inquiry due to the immaturity of the visual system. Fagen et al (47) 
offered support for the maturational hypothesis with a comparison of pre- vs 
full-term infants. Fagen et al found that full-term infants displayed a reliable 
preference for novel as compared to familiar stimuli between 10 and 11 weeks, 
whereas preterm infants did not display this preference until a full 4 weeks later. 
If, however, the infants were matched on conceptual age (date of last menstrual 
period), all subjects demonstrated reliable novelty preference at about 51 weeks 
of conceptual age. Fagen et al concluded that the “extra” experience that preterm 
infants had did not affect preference behavior, and supported a maturational 
hypothesis of age-related changes in visual behavior. 

The shift in preference from familiar to novel stimuli has been interpreted by 
Weizman et al (235) and by Kagan (104) as the consequence of schema formation. 
That is, a precondition for attending to novelty in the schema model would be 
the formation of schemas as a result of attention to familiar stimuli. Once the 
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schemas have been formed, the infant will attend to stimuli discrepant from his 
existing schema. Sameroff (187) presented a somewhat similar view of infant 
attentional and integrative functions based on schemata at three levels of or- 
ganization. Thus, in Sameroff’s view, before an infant can be conditioned he 
must first differentiate the schema system related to the response system, the 
schema system to deal with new or novel information, and, finally, a system 
which allows a relationship between perceptual and response systerns to form. 

Bower (15) has taken the extreme nativist position by hypothesizing the avail- 
ability of complex perceptual and motor abilities in the newborn infant. Bower 
not only held that the infant has wired-in perceptual and motor abilities, but he 
also hypothesized that through perceptual input the infant is able to anticipate 
tactile consequences of motoric behavior. These data, however, need to be repli- 
cated with a careful consideration of state, especially in light of the data pre- 
sented by White (237) and Kravitz & Boehm (120) suggesting that the behavior 
reported by Bower is not within the newborn’s abilities. 

By far the majority of data have been on the visual perception of infants 3 to 
8 months of age. It is encouraging to report that studies of infant perception have 
begun to progress beyond the demonstration phase and that a few researchers 
have begun to prohe the nature and quality of infants’ perceptual experiences 
and memory for these experiences. The habituation paradigm has been used 
by a number of researchers to test both the nature of perceptual experience 
through generalization tests and the memorial functions of infants by manipulat- 
ing the delay between familiarization and test (cf Jeffrey & Cohen 98). 

Fagan (46) investigated memory in 5-month-old infants and presented them 
with familiarization training to 3 stimulus items. He tested habituation effects 
immediately and after varying delays. The familiar stimuli were paired with 
novel items for the habituation test either immediately or after a 4 or 7 minute 
delay. In all cases the novel items were preferred over the familiar stimuli. Fagen 
concluded that the infants demonstrated recognition memory for the familiar 
stimulus items. Fagen’s results indicated that the memory span of 5-month in- 
fants must be at least 7 minutes. 

Cohen et al (35) examined the nature of infant perception by testing the gen- 
eralization of habituation to single attributes of a compound stimulus. Cohen 
et al found that changes in one dimension, either color or form, produced less 
response recovery than changes in both dimensions. Caron et al (32) found a 
similar generalization function in 33-month-old infants with a conditioning pro- 
cedure in which visual feedback (reinforcement) was contingent on head turning, 
The feedback either varied or was redundant across trials. Repetition of the same 
visual reinforcers produced a significant decrement in the rate of responding, 
whereas varied feedback maintained responding. Changes in the color of the 
stimuli were less effective than changes in pattern or changes in both dimensions 
for maintaining responding. The authors concluded that pattern is a more 
salient dimension for infants than color. 

Contrary to the habituation literature, Caron et al reported that complexity 
of the feedback stimuli did not affect the repetition decrement in responding; 
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both simple and complex stimuli produced similar response decrements across 
repetitions. 

McKenzie & Day (140) compared the use of the fixation preference intro- 
duced by Fantz as well as conditioning procedures as measures for generalization 
of orientation discrimination. The authors reported that during original learning 
for infants 7-12 weeks of age fixation times were related to complexity of the 
stimulus items but not to orientation of lines. The conditioning group was able 
to acquire consistent discrimination between vertical vs horizontal lines. Sub- 
sequent generalization testing indicated that the discrimination generalized to 
other vertical vs horizontal discriminations. The authors concluded that the 
use of fixation time was not as sensitive a measure of infant discrimination ability 
as conditioning precedures. 

A consistent finding in the habituation literature was that females and males 
differed in terms of habituation rates (32, 35, 76). Jeffrey & Cohen (98) and Weiz- 
mann et al (235) reported that habituation rates were dependent on the fami- 
liarity of the testing situation. Females, if tested in a novel surround, demon- 
strated habituation, but if tested in a familiar surround, did not. Males, on the 
other hand, habituated if tested in a familiar surround and failed to do so when 
tested ina novel surround. 

Recent work by Bower (15), Bower et al (16), and Nelson (157) suggested that 
object perception for 3- to 5-month-old infants is related to the motion of the 
object. Nelson (157) found that with training 5-month-old infants were able to 
anticipate thé movement of an object hidden from view but that the training 
failed to generalize when the direction of motion was changed. Bower and his 
colleagues reported similar findings in that infants responded differentially to the 
same objects depending upon whether they were moving or fixed. Bower (15) 
interpreted the findings as indicating that motion defines the object such that an 
object in motion is not perceived as the same object standing still. These findings 
are consistent with those of the generalization testing reported above in that 
infants appear to be attending to the whole array of Gestalt and not selectively 
attending to one or more aspects of the array. Similar conclusions have been 
reached in studies of object permanence in that an object does not appear to 
be separated from its physical location by 8- to 10-month-old infants (73, 
122). 

Gratch & Landers (73) reported an interesting finding concerning the role of 
touch in infant perception. In one condition the infant was allowed to grasp an 
object, the infant’s hand containing the object was then covered by a cloth. A 
majority of infants failed to retrieve or uncover their hand. The authors con- 
cluded that the infants were unable to recognize the presence of the object 
through touch. White (237) reported similar findings in that when an object was 
placed in the infant’s hand outside the visual field the infant brought it im- 
mediately into the visual field. Gratch & Landers (73) suggested that it was as if 
the infants knew something was there but had to look to see what it was. Bower 
(15) has taken a similar position suggesting that vision, not touch, provides in- 
formation for the infant. 
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Language.—Eimas et al (44), working with 2-month-old infants, and Moffitt 
(154), using 6-month-old infants, found that infants were capable of discriminat- 
ing speech sounds along the voicing continuum in a manner approximating 
categorical perception. The authors concluded that these findings were con- 
sistent with the Chomsky-Lenneberg hypotheses of genetically coded language 
processes. That is, the mechanisms for categorical perception of speech are part 
of the biological makeup of the organism and are operative at a very early age. 


Conditioning.—Two attempts were made to answer Marquis’ question: “Can 
conditioned responses be established in the newborn infant?” Sameroff (187), in 
a review of the conditioning literature for 3- to 10-day-old infants, concluded that 
the occurrence of conditioning is dependent on the development of sensory and 
motor schemas. Before an infant can be conditioned, the sensory and motor 
schemas must be differentiated and the separate systems must be integrated, 
thus allowing the connections between stimulus and response to be formed. 
Sameroff’s hypothesis was similar to Kessen’s (113) description of organized 
patterns of behavior. Sameroff’s hypothesis was that conditioning can strengthen 
or alter differentiated schema systems but cannot produce relationships for which 
the appropriate schemas have not been differentiated. 

Fitzgerald & Porges (49) and Fitzgerald & Brackbill (48) also attempted to 
answer Marquis’ question, but argued from a physiological rather than from a 
cognitive position. These authors asserted that success or failure to obtain con- 
ditioning in infants was the result of the maturational status of the nervous sys- 
tem. Conditioning is dependent on the differential rates of maturation of the 
cerebral structures which serve as the cerebral portions of conditioned reflex arcs. 

Thus the answer to Marquis’ question in 1971 was a qualified yes. Condition- 
ing is dependent on the existence of organized systems mediating both sensory 
input and behavioral output. The systems have been conceived as either cogni- 
tive schemas (187) or cerebral structures (48). 

Aside from the theoretical papers (48, 49, 187), the study of infant condi- 
tionability for its own sake has all but disappeared. The conditionability of infant 
vocalizations (141, 173) and classical conditioning of eyeblink responses to 
tactile stimuli (48) were demonstrated. Ramey & Ouith (173) found that condi- 
tioning failed to occur with delays of reinforcement of 3 or 6 seconds. 

Conditioning procedures have been used with greater frequency to examine 
infant perceptual and memorial abilities and capacities (cf 32, 75, 139, 140). 


Early experience —Owing to the relative failure of intervention programs 
directed at preschool children, interest has shifted to infancy as the crucial period 
for introducing remediation measures (209, 232). On the basis of a deprivation 
model it was thought that enrichment of the infants’ environment was the neces- 
sary means of remediation (232). White (237), Greenberg (75), Wachs & Cu- 
cinotta (228), and Watson (232), however, have found that a variety of enrich- 
ment precedures designed to enhance and accelerate cognitive-perceptual devel- 
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opment produced at best little or no acceleration and, in some cases, led to re- 
tarded development in relation to untreated controls. 

Two hypotheses concerning compensatory measures emerged from these 
failures. The first was that if an enrichment or training procedure was to be ef- 
fective, periodic repetitions or partial repetitions of the procedures would be 
necessary to maintain the effects over time. Starr (209) evaluated the effectiveness 
of a variety of remediation programs and found that the programs producing the 
largest and most durable gains were those in which the initial training or en- 
richment procedures were repeated across time, either through parent training 
programs or organized reinstatement procedures. 

Hunt (93, 94) offered the alternate hypothesis of “match,” the idea that cer- 
tain types of experience or encounters with certain kinds of circumstances will 
foster development only when a child has already acquired the necessary abilities, 
information, and learning sets to take advantage of the experience. Wachs et al 
(230) hypothesized that early overstimulation may be as disruptive as deprivation. 
In an extensive study of development from 7-22 months in lower and middle class 
infants, they found significant negative correlations between the level of ambient 
noise (TV, radio, talking), activity level of the home, and performance on a 
variety of Piagetian tasks. In addition, ambient noise in high amounts was nega- 
tively correlated with language development. Wachs et al concluded that, as a 
consequence of overstimulation, the infants habituated orienting and attentional 
responses to language. 

Watson (232) added a dimension to Hunt’s hypothesis by suggesting that it 
may not be overstimulation per se but noncontingent stimulation which may be 
the critical variable. Watson presented two groups of 2-month-old infants with 
an automated mobile for 10 minutes a day for 14 days. For one group motion of 
the mobile was contingent on a head-turn response and for the other group mo- 
tion was noncontingent. A control group viewed the mobile for a comparable 
amount of time in a stationary position. When tested immediately and 6 weeks 
later (with no intervening experience with the mobile) infants in the noncon- 
tingent group failed to learn to control motion of the mobile on both tests. 

The reviews and work cited above lead to the note of caution expressed by 
Watson concerning tutorial programs in infancy. Before it is possible to design 
and implement remediation and/or acceleration procedures, a sound base of 
information concerning infant functioning and cognitive-perceptual develop- 
ment during infancy is mandatory (232, 237). 


BIOBEHAVIORAL RELATIONSHIPS 


A sizeable proportion of the studies designed to investigate biobehavioral 
relationships are conducted with children who have been diagnosed as suffering 
from psychiatric or behavioral disorders. These reports must be treated with 
caution since frequently there is a discrepancy in the elegance of data collection 
between the biological and behavioral domains. Another overriding problem 
is the homogeneity of the sample which becomes the object of study. Varieties 
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of etiology may produce comparable presenting symptoms. For example, hyper- 
activity or behavior designated as schizophrenic may be symptomatic of widely 
divergent biologic and/or experiential factors. The expectation that a particular 
treatment should produce comparable outcomes in subjects assigned to groups 
by present diagnostic procedures is far-fetched, particularly so when there is the 
additional confusion of including children within a wide age range. In the same 
vein, it seems unlikely that correlative outcomes between biological and be- 
havioral measures will be any more robust than treatment effects unless the sam- 
ples being dealt with represent extreme pathology. In that case children are so 
badly damaged that virtually all measures, biological and behavioral, are likely 
to reveal marked deficits. 


Drugs.—Claghorn et al (34) tested the effects of acetazolamide on 23 re- 
tarded children between the ages of 3 and 14 who were classified as hyperactive. 
Acetazolamide was more effective in reducing restlessness and hyperactivity over 
a wide range of behaviors than either no treatment, placebo, or amphetamines. 
Acetazolamide is known to produce a variety of effects in cerebrospinal fluid so 
that particular mechanisms implicated in hyperactivity could not be specified in 
this study. 

Campbell et al (29)-tested the effects of methylphenidate on the behavior of 
hyperactive children on reflection-impulsivity, field dependence-independence, 
constricted-flexible, and automatized tasks. Their behavior was compared with 
a group of normal controls as well as with themselves under no treatment, drug, 
and placebo conditions. The guiding thesis was that the drug would affect the 
child’s style of coping with cognitive tasks rather than any specific behavioral 
mechanism. As expected, under the no-treatment condition hyperactive children 
were more impulsive, field dependent, etc. When treated with the drug, they 
showed improvement in some of the tasks but no significant change in other 
tasks. The authors claim that under drug treatment there was a change in cogni- 
tive style which materially affected attention, impulse control, and response or- 
ganization. The conclusion seems somewhat overdrawn since there was no sig- 
nificant advantage for the drug treatment over placebo in five of the eight mea- 
sures. Furthermore, although mean reaction time scores in the reflection-im- 
pulsivity test doubled in the drug treatment as compared with the placebo con- 
dition, the standard deviation increased almost sixfold, raising questions about 
statistical as well as behavioral interpretations. 

Methylphenidate was also employed by Greenwold & Jones (77) in a double 
blind procedure with three children whose classroom behavior was disruptive. 
They reported desirable effects on the behavior of their three subjects. 

Eisenberg (45), in a thoughtful article, has discussed pharmacological, social, 
and ethical issues in the use of drugs to control the behavior of children. He has 
dealt with questions of developmental differences in vulnerability to drugs, and 
to long-term effects of drugs, as well as the question of how a child comes to be 
selected for drug treatment. 


DEVELOPMENTAL PSYCHOLOGY 9 


Pregnancy, birth, and later behavior —Rutt & Offord (183) compared 33 
schizophrenic children with their normal sibs on histories of prenatal and peri- 
natal disorders. There were no significant differences between the groups on 
prenatal complications; however, the schizophrenic children had a signif- 
icantly higher rate of perinatal disorders. At least ten perinatal disorders were in- 
cluded but there was no breakdown of frequency per child. Ina comparable study 
of children classified as disturbed or psychotic, no relationship was found be- 
tween type of current behavior and pregnancy and birth complications (143). 
McNeil et al (142) have studied the relationship between season of birth, season 
of conception, and emotional disturbance in children. They concluded that sea- 
son of conception was related to increases in severe emotional disorders but not 
to milder disorders. 


Other measures.—Surwillo (215) obtained reaction time measures on 110 nor- 
mal boys aged 46-207 months. The object of the investigation was to determine 
if speed of reaction time was related to developmental changes in EEG. While 
high negative correlations were found between age and speed of reaction, it was 
concluded that developmental changes in EEG period could account for only a 
small fraction of these high correlations. 

In an investigation of hyperkinetic (minimal brain dysfunction) and normal 
children with normal IQs, Satterfield & Dawson (189) hypothesized that the 
hyperkinetic children would have higher levels of basal skin conductance, a 
significantly greater frequency and magnitude of spontaneous nonspecific 
GSRs, and significantly greater GSR responsivity to novel stimuli. Contrary to 
expectations, the normal children significantly exceeded the hyperkinetic children 
` on all three measures. An attempt to account for the outcome was made in 
terms of processes in the reticular activating system. Another attempt to dis- 
tinguish children classified as suffering from minimal brain dysfunction from 
normal controls was carried out by Wender et al (236). It was hypothesized that 
the allegedly damaged children would manifest a biochemical abnormality by 
minimum total production of monoamines. Measures of urinary excretion of the 
principal metabolites of these substances failed to support the hypothesis of 
biochemical derangement. 

Attempts to distinguish normal from psychopathological children by use of 
cardiac measures have been somewhat more successful. Miller & Bernal (149), 
using a fairly complex measure based on prestimulus heart rate, found a greater 
overall response for normal than for schizophrenic children to a tone stimulus. 
Davies & Maliphant (40) found that under stress adolescent boys judged by their 
teachers to be refractory had lower base heart rates than matched controls. 

There is so little systematic information on the course of human biobe- 
havioral development that it would be inappropriate to criticize those who are 
struggling with the issues. In this area there is a clear need for programmatic 
research. The very dearth of information should generate conservatism, par- 
ticularly in the clinical administration of drugs where the overriding deter- 
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minant should be the welfare of the particular child. There is little justification 
provided by the research currently available for the institution of broad scale 
drug management programs which one suspects are initiated as often for the 
convenience of caretakers as for the well-being of the treated children. 


DEVELOPMENTAL STUDIES WITH ANIMALS 


The chicken and its near relatives have apparently replaced the rat as the most 
popular nonhuman organisms on which to conduct developmentally oriented 
research. Whether this change is progressive or regressive is left to the reader’s 
evolutionary preferences. 


Birds.—Kovach contributed a series of reports which are important not only 
for substantive reasons but also as models of developmental analysis (117, 118). 
In a study of perceptual learning it was demonstrated that unlearned color pref- 
erences played a significant role in the speed of learning a color discrimination. 
If chicks were reared in darkness, they subsequently showed distinct color pref- 
erences. If they were reared in achromatic light, color preferences disappeared 
(117, 119). Faster learning occurred after prior exposure to lower light intensities 
than after exposure to higher intensities. Intensity and preference were found to 
be additive (118). 

A study of the timeliness of intervention was conducted by Adam & Dimond 
(1). Light stimulation applied on the 19th day of incubation enhanced posthatch 
approach behavior to a greater degree than stimulation applied on the 15th or 
17th day. The writers related their findings to structural changes in the visual 
system of chick embryos. 

The flexibility. of late fetal and early neonatal development was demon- 
strated by Vince & Chinn (227) with Japanese quail chicks. Development was 
accelerated by placing some eggs next to eggs with 24 hours more incubation 
time. The experimental chicks, though slightly weaker than their normal sibs, 
achieved normal ambulation 5 to 6 hours later than their controls. 

The effects of sensory interdiction were explored in a study by Nottebohm & 
Nottebohm (161). They surgically deafened ring doves and found that although 
this treatment lessened the amount of vocalization, the structure and temporal 
delivery of vocalizations remained unaffected. Among the deafened birds nest- 
building and ovulation were delayed and nestlings were not fed sufficiently. 

Two studies were concerned with the development of hunger systems in 
young chicks. Hogan’s (89) paper contained an interesting discussion of the 
mechanisms which may be implicated in converting the basic activities of newly 
hatched chicks into organized patterns of behavior. Both internal and external 
factors are included in the account of development change. Wong & Amsel (242) 
were able to induce instrumental running responses in chicks during the second 
week of ontogeny. They accounted for the instrumental behavior by postulating 
the operation of a food-incentive system that refers to the activation of instru- 
mental responding by cues signalling food and not simply to just food itself or to 
pecking at food. 
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Nonprimate mammals.—The differential effects of variations of early experi- 
ence upon later behavior continue to be investigated. Sturgeon & Reid (213) 
reared rats in impoverished, enriched, and super-enriched environments from 21- 
81 days of age and tested them on batteries of Hebb-Williams maze arrangements 
at 122 and 190 days of age. Rearing effects were present on early problems but 
differences became very small and nonsignificant thereafter. In an investigation 
by Hughes (91), 35-day-old rats were assigned to derprived or enriched environ- 
ments for 10 weeks. Half of each group were handled. The dependent variables 
were measures of exploratory behavior. Handling increased exploratory be- 
havior in rats from the deprived environment but led to a decrease in that ac- 
tivity among rats reared in the enriched cages. There were no overall differences 
between the enriched and deprived groups. One consistent finding across studies 
seems to be that a rat reared in a deprived environment is going to become a 
fat rat which may or may not affect his social life. Perhaps greater consistency 
in behavioral outcomes might be forthcoming if researchers attempted to de- 
fine enrichment in rat rather than in experimenter terms. 

Since exploratory behavior continues to be a popular test of the differential 
effects of variations in early experience, researchers would be well advised to pay 
attention to Goodrick’s report on free exploration across ontogenesis (69). Im- 
mature through senescent rats were tested for exploratory behavior. Exploratory 
behavior peaked just after weaning and again at sexual maturity. At all ages 
females explored to a greater extent than males. 

In a series of well-designed experiments, Galef & Clark (53) and Galef (52) 
explored mechanisms controlling poison avoidance and feeding behavior in wild 
and domesticated rat pups. In the lead experiment a colony of wild rats was given 
access to two diets. After their feeding preferences were determined the pre- 
ferred diet was poisoned with a sublethal dosage. The adult rats avoided the diet 
that had been poisoned even though it was never again poisoned. Subsequently 
members of the colony littered. The pups never chose the formerly poisoned diet 
even though they had never experienced its toxic consequences. In a second ex- 
periment it was determined that the pups had learned to eat what the adults were 
eating and had not learned to avoid what the adults were avoiding. The third 
experiment eliminated the possibility that the pups’ food choices were based 
either on scent trails left by the adults or by matching-to-sample from bits of food 
clinging to adults’ coats. The fourth experiment demonstrated that the pups 
followed adults about and thus ate what the adults ate. Wild rats apparently 
avoid novel foods or foods which have harmed them. The close following of 
adults by pups provides a mechanism for intergenerational transfer of adult 
preferences, and incidentally leads to the avoidance of substances which are 
potentially harmful. The pattern was not nearly so effective in domesticated rats. 
Whereas none of the wild litters ever ate a single bite of the initially preferred 
diet, all litters of the domestic groups, after initial avoidance, began to feed on it. 

Another series of well-designed experiments on the emergence of long-term 
memory in the neonatal rat were carried out by Misanin et al (150). Their out- 
comes were in agreement with the contention that there are two memorial 
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processes, one transient and immune to amnesic agents, the other being sus- 
ceptible to disruption by such agents. The authors suggested that the long-term 
memorial process in young rats may be task specific so that demonstrating long- 
term memory requires careful task selection. 

Koepke & Pribram studied the effects of milk on the sucking response in 
kittens from birth of 6 months (116). The kittens were fed by a stomach loading 
procedure, Half the animals were given access to a lactating cat, and the other 
half were exposed to an anesthetized nonlactating cat. For the first 3 weeks there 
were no differences in sucking between the two groups. From the 4th to the 16th 
week the group assigned to the lactating female sucked to a significantly greater 
extent than the nonmilk group. There were no significant differences in sucking 
between the groups from week 17 through 26. Throughout the 6-month period 
there were no significant differences between the groups in number of initiations 
of sucking (nuzzling). The authors concluded that the effect of milk was to pro- 
long rather than to initiate sucking. Since the dry group sucked as much as the 
milk group during the first 3 weeks, an acquired drive hypothesis cannot be 
invoked to account for the behavior, yet an unlearned drive hypothesis is not 
sufficient either since there were significant differences in favor of the milk group 
during the intermediate period. These conclusions must be accepted cautiously 
since the first author of the study was the prime observer and obviously was 
familiar with treatment conditions and objectives. Although some reliability 
checks on scoring were conducted, the prime observer was probably aware of 
their occurrence and might possibly have been influenced in her own judgments. 
Lastly, since the nonlactating cat was also anesthetized, the difference in treat- 
ment between the two groups entailed more than just the difference in lactation. 

That Piaget has at last achieved scientific respectability was demonstrated in 
a study by Gruber et al (78) in which cats and kittens at several ages were pre- 
sented with an object permanence test derived from Piagetian procedures with 
children. Depending upon one’s attitude toward cats, readers will be either 
pleased or disappointed to learn that the ubiquitous alley variety attained Piaget’s 
Stage IV but not Stages V or VI. The study is reminiscent of bygone days when 
rats were employed in attempts to demonstrate the operation of Freudian dy- 


namics. 


Primate studies—A number of studies described mother-infant relationships 
among monkeys. Struhsaker’s (212) report on wild vervet monkeys contained 
detailed descriptions of grooming, ventral clinging, infant caretaking, and other 
behaviors on several infants observed repeatedly over a 5-month period. He also 
compared vervet mother-infant behavior with that of other primate species. 
Wooldridge described the birth and development of colobus monkeys (244), and 
in three papers Hinde & Spencer-Booth (88, 203, 204) reported on the effects of 
infant-mother separation on infant-mother pairs in rhesus monkeys, and also on 
individual differences in infant-mother interaction. They reported that separation 
produced a depression in locomotor and play behavior and that the severity 
and durability of the depression was greater as a function of the length of separa- 
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tion. However, differences in spatial environment that produced differences in 
infant-mother relationships among pigtail monkeys were not enduring (Gastell 
& Wilson 55). 

Gallup & McClure (54) compared captive-born rhesus monkeys reared with 
surrogate mothers with feral monkeys on preference for mirror-image stimula- 
tion. All animals were given a choice between viewing themselves in a mirror or 
looking at another monkey. The surrogate reared monkeys spent more time 
looking at the mirror while the feral monkeys preferred to view a conspecific. 
There was a discussion of the social implications of the rearing patterns and of 
possible relationships to human pathology. 

Sechzer et al (192) examined the development of three types of behavior in 
normal and neonatally asphyxiated monkeys (Macaca mulatta). Visual depth 
perception, visual placing, and locomotion were delayed in time of appearance 
in the asphyxiated group relative to the nontreated group, but the behaviors were 
qualitatively indistinct once they did appear. The absence of impairment of these 
“developmental” behaviors contrasted with the apparently permanent disruption 
of learned behaviors in asphyxiated monkeys. Thus a delay in appearance of 
“developmental” behaviors may have signified brain damage and later mental 
retardation. 


General.—A volume entitled The Biopsychology of Development (220), edited 
by Tobach, Aronson & Shaw, should be of great worth to developmentalists. 
The volume contains the contributions of participants in a conference held at the 
American Museum of Natural History. Developmental topics and issues from 
biochemical to social were discussed. There was a pronounced emphasis on 
evolutionary considerations, as might be expected in a conference inspired by the 
late T. C. Schneirla. Two of the contributors discussed regulatory mechanisms 
implicated in developmental biological organization (33, 231). Sperry contributed 
a survey of that research in psychobiology over the past 30 years which has ac- 
clerated trends toward nativistic interpretations of neurophysiological develop- 
ment (205). Although Sperry’s discussion of human intellective development is 
unsophisticated, it serves to caution readers against adopting overly environ- 
mentalist positions. An excellent chapter was presented by Gottlieb (72) on the 
ontogenesis of sensory functions in birds and mammals. From an ontogenetic 
point of view man and other primates are unique in having combined the pre- 
cocial pattern of sensory development with the altricial pattern of motor devel- 
opment. Some implications of this unique pattern of development for perceptual, 
intellective, and social development were discussed. Gottlieb’s analysis of the 
evolution of species-general and of species-specific phenomena contained im- 
portant guidelines for comparative and developmental analyses of behavior. 
Gottlieb also provided a clearly stated set of working assumptions about the 
relationships of genetic and evolutionary factors to neural and behavioral de- 
velopment. Rosenzweig (179) offered some admonitions against facile interpreta- 
tions of the early experience literature, pointing out that there is little evidence 
to show that behavioral differences induced by early enrichment or deprivation 
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are enduring, or that modifications of brain biochemistry are unequivocally 
related to variations in early learning. 


PERCEPTION 


The area of perception has been broadened to include complex coding opera- 
tions involving memory, language, imagery, and visual search strategies. Per- 
ceptual processing is viewed by contemporary theorists as a set of interacting 
operations ranging from initial sensory registration of stimuli to their incorpora- 
tion in higher cognitive structures and memory. Much of the current research is 
directed toward discovering the nature of these interacting operations. This re- 
view is centered primarily on the development of space perception, abstract 
spatial operations, and pattern perception. 


Size-shape constancy and the perception of depth—Kaess (103) reviewed 
several earlier studies of shape constancy. Some indicated an increase in con- 
stancy performance with age, others showed a decrease. Kaess attributed these 
conflicting results to methodological differences, particularly with respect to the 
construction and presentation of stimulus comparison series. His own studies, 
controlled for comparison series biases, yielded an increase in shape constancy 
performance from age 7 through 18 years. 

Similar trends have been observed in the development of size constancy 
(Wohlwill 241). Winters & Baldwin (239) also found that size constancy per- 
formance gradually improved with age. 

Brown (24) reported a developmental trend in the reconstruction of pic- 
torially represented spatial relationships between the ages of 34 to 9 years. The 
subjects were asked to organize spatially objects on a table as they were repre- 
sented in a picture. The youngest subjects simply placed the objects in random 
heaps. Accurate placement was not found until after 6 years, These results sug- 
gested that children’s depth discrimination and constancy performance may 
break down when depth information is limited to static pictorial cues. It is not 
clear from the Brown study if the younger children’s poor performance was due 
to a lack of sensitivity to pictorial depth cues or to an inability to reproduce per- 
ceived spatial relationships. Wilcox & Teghtsoonian (238) using a procedure 
which did not involve array reproduction tentatively concluded that younger 
children lack pictorial depth sensitivity. 


Abstract spatial operations—Laurendeau & Pinard (123) conducted an 
elaborate series of studies on the development of space concepts of children 
2 through 12 years. Their tests included stereognostic (tactile) recognition of 
forms, construction of projective straight lines, localization of topographical 
positions, concepts of left and right, and coordination of perspectives. Spatial 
concepts shifted from topological representation at the youngest ages toward 
Euclidean mapping of space by older subjects. Only a small percentage of the 12- 
year-old subjects were able to solve the coordination of perspectives problem. 
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Piaget’s concepts of stage and décalage were discussed in the context of these 
results. 

A number of investigators raised questions concerning the tasks used by 
Piaget & Inhelder (167) and Laurendeau & Pinard (123) to evaluate coordination 
of perspectives. Lewis & Fishbein (127) found that children as young as 4 years 
of age could assume a perspective other than their own when the test involved a 
simple object rather than a complex scene. Shantz & Watson (198) reported that 
34- to 6-year-old children could assume the perspective of another vantage point 
if they were allowed to move to the new vantage point and predict the location of 
objects in a covered array. Unfortunately, the study was confounded and the 
results are merely suggestive. Furthermore, some relationships in the study were 
treated as confirmed at levels of statistical confidence which conventionally 
would lead to retention of the null hypothesis. 


Perception of orientation —The role of spatial orientation of stimuli in per- 
ception was investigated in a number of contexts. Deich (41) presented lists of 
words either right side up or upside down to 2nd-, 6th- and 8th graders. The 
number of children reading inverted lists nearly as fast as upright lists decreased 
from 50% in grade 2 to 5% in grade 8. Contrary to Ghent & Bernstein’s (56) 
earlier results with geometric figures, Deich’s study indicated that orientation 
played an increasingly important role in recognition with increasing age. 

Asso & Wyke (8) tested children ranging in age from 5 years 6 months to 6 
years 10 months on letters similar in form but different in spatial orientation 
(e.g. b, d). The following methods of assessment were used: direct copying of the 
letter form; matching the letter to a target embedded in a series of letters; naming 
the letter; and writing the letter from verbal presentation. Confusability of 
letters appeared to be dependent on the method of assessment. More errors were 
made in the naming and writing conditions than in the matching or copying 
conditions. Reduced memory load may have contributed to the superior per- 
formance in the copying and matching conditions. 

Discrimination of orientation in Zambian children aged 34 to 103 years was 
examined by Serpell (197), following the procedures Rudel & Teuber (182) used 
with American children. Children were asked to discriminate and discover the 
correct stimulus in pairs of lines differing in orientation. Both American and 
Zambian children had greater difficulty with oblique than horizontal and vertical 
discriminanda. The general trend in both groups was toward improved dis- 
crimination of oblique lines with increasing age. Zambian children’s performance 
lagged behind that of American children by about 2 to 3 years, a difference 
which might be accounted for by highly disparate educational levels. Olson (164) 
concluded that children’s performance in diagonality discrimination tasks was 
related to language development, the relationship between perceptual information 
and performatory action, and cultural factors. 


Schema and feature theories of pattern perception —Theorists concerned with 
pattern learning and pattern recognition have proposed either schema or feature 
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discrimination explanations for pattern perception. For example, Pick (168) 
interpreted the outcome of his often cited study as support for feature theory. 
Caldwell & Hall (28) challenged this interpretation. They suggested that the 
distinctive features group in Pick’s first experiment was given more information 
regarding the experimenter’s definition of same and different. Consequently, 
discrimination performance was superior in the transfer task involving dis- 
crimination of new standard forms with the same feature transforms. Caldwell & 
Hall reported a reversal of Pick’s results when they equated the concepts of same 
and different for feature and prototype groups. Performance by the prototype 
group was superior. 

Odom et al (162) questioned whether reflection-impulsivity might influence 
the amount of feature and prototype information used by subjects. Impulsive 
subjects showed higher overall error rates, but there was no correlation between 
reflection-impulsivity and the use of distinctive features or prototypes. 

Gibson (58) extended distinctive feature theory to auditory and visual per- 
ception of words. Developmental differences in sensitivity to word features such 
as graphological, phonological, semantic, and syntactic markers were noted by 
Gibson (58, 59). 


Eye fixation and scan patterns.—In studies of eye scan patterns it has been 
found that both children and adults selectively focus on critical or novel features. 
Mackworth & Otto (134) monitored eye fixations of children age 2-7 years while 
they were looking at a matrix of 16 white geometric forms. A high rate of visual 
orienting to items which suddenly changed color was found. Habituation of 
orienting to the novel event occurred slowly over trials. The orienting and 
habituation patterns were similar at all ages tested. Other researchers found an 
age-related shift from relatively unsystematic scanning patterns to greater con- 
centration on regions containing high information when a judgment was required 
on the basis of the embedded information (133, 158). 


Modalities and perceptual development—The results of cross-modal research 
frequently have been inconsistent. Furthermore, explanations of the conflicting 
results reported by different investigators have not been adequate. Goodnow 
(66) proposed that differences among tasks within a single modality as well as 
cross-modal task comparisons might be better explained by determining the 
principles and/or factors common to the processing of information across 
modalities rather than to continue considering “modality” as a critical factor. 
Goodnow proposed that intra- and cross-modal research could profitably be 
directed toward the discovery of common factors involved in perceptual process- 
ing. The utility of this proposal may be seen in a review of some of Goodnow’s 
interpretations of her research. From a series of investigations (65-67), she sug- 
gested the following common factors: critical or focal parts of stimuli; memory 
loads; and equivalence of dimensions. 

Differences in intra-modal matching of stimuli may occur because stimuli 
have focal parts, i.e. aspects of the stimulus toward which attention is directed. 
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Ifa change is made which affects the focal part, then in a comparison the stimulus 
would be judged as being different. If the change does not affect the focal part, 
then the stimulus would be judged as being the same. Use of different modalities 
may result in different aspects of the stimulus being selected as the focal part. 
Consequently, same-different judgments of stimuli could be in agreement or in 
disagreement depending on the modalities and the nature of the stimulus items 
being used. Predictions of cross-modal comparison outcomes would be depen- 
dent on the degree of overlap of the modality-defined focal parts of the stimulus 
items employed (65, 66). 

Modalities may differ in amount of memory load required to perform ap- 
parently similar tasks. Cross-modal matching did not show directional effects 
when only one comparison object was used. However, when three comparison 
stimuli were used, more errors were made when the subjects felt the standard 
and looked at the comparison objects than when they saw the standard and tested 
the comparison stimuli haptically. Goodnow (67) concluded that memory load 
differences in the tasks involving more comparison objects accounted for this 
interactive effect of task demand and modality direction. 

Equating across dimensions rather than cross-modal integration may be the 
critical variable in the development of cross-modal matching. Goodnow (68) 
reported that kindergarten children were unable to match auditory and visual 
series of stimuli which required equating temporal and spatial dimensions. 
Second-grade children could perform the task. These age-related differences 
were interpreted as being due to the children’s differential ability to make spatial 
and temporal relations equivalent. The interpretation was based on the finding 
that kindergarten children represented differences in temporal spacing of audi- 
tory cues by the duration of pauses between a series of dot representations of the 
auditory patterns, whereas Ist- and 2nd-grade children represented the tem- 
poral separation by differential spacing between the dots. 

Other contributions to the modality literature include Klapper & Birch’s 
(115) finding that children from age 3 to 8 years match auditory temporal pat- 
terns better than visual patterns. They found no differences at ages 9-11 years, 
but this may have been due to task ceiling effects. The authors suggest that visual 
and tactual modality differences may be associated with dominant processing 
modes, temporal in auditory, and spatial in vision. Hermelin & O’Connor (86) 
have found that 5-year-old children are more accurate in their judgments of 
duration with auditory than with visual stimuli. 

Millar (147) tested the effect of visual and haptic information in training 
single modality delayed recognition of nonsense shapes with 3- and 4-year-old 
children and found a general superiority of visual over haptic information pro- 
cessing. Performance with combined haptic and visual cues was not superior to 
vision alone. In 4-year-olds added visual cues improved haptic recognition. 


Information processing.--An information processing approach to perception 
is characterized by a level and component analysis of information reduction 
ranging from early registration of stimulus events in the sensory neural networks 
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to encoding in higher cognitive structures and long-term memory (Haith 80, 81). 
Several studies of low-level processing operations revealed age trends in the 
temporal resolution of the visual system. Pollack et al (170) found that the dark 
interval threshold between two light flashes declined linearly between 5 and 17 
years. Consistent with Pollack’s (169) general theory of perceptual development, 
the authors attributed improved temporal discrimination to deterioration of the 
visual receptor system with age. 

Thor and his colleagues (207, 217, 218) have shown that dark interval thresh- 
old in retardates is more closely related to mental age than to chronological age, 
a relationship which would not be easily explainable by Pollack’s (169) theory. 
Thor & Thor (218) suggested that the decrease in dark interval threshold with 
increasing chronological and mental age may be considered an indicator of an 
increase in processing rate or the developmental refinement of a visual system 
gaining a higher degree of temporal resolution. 

Katz & Wicklund (107) applied an information processing analysis to read- 
ing skills. In an analysis of scanning rates they found no difference in the slope 
of scanning rate function of good and poor readers. There was, however, about 
a 250 msec difference in intercept value favoring good readers. In a follow-up 
study testing whether or not good and poor readers differed in simple reaction 
time, the authors (106) found no differences between the groups. Hoving et al 
(90) also found similar memory scanning rates for kindergartners, 4th-graders, 
and college students using familiar forms. As in the Katz & Wicklund study, the 
groups showed marked differences in intercept values. Thus, scanning rates ap- 
peared to be nearly identical across populations, but there are age-related dif- 
ferences in intercept values. 

Spring (208) also used an information processing analysis of reading-related 
skills. Groups of dyslexics and normal subjects ranging in age from 8 to 11 years 
were tested on a same-different reaction time task using similar and dissimilar 
upper case letters. Central processing time was estimated by subtracting reaction 
times to dissimilar letters from reaction times to similar letters. Dyslexics showed 
slightly longer times on this measure but only during the last half of the testing 
periods. 

Children’s organization of dichotically presented lists of numbers was ex- 
amined in a study by Witelson & Rabinovitch (240). Frequencies of temporal 
recall (recall of items in the same order as they were presented) and ear order 
recall (recall of items presented to one ear before recall of items presented to the 
other ear) responses were similar to those of adults. There was some evidence 
that use of temporal report order in slow presentation rate conditions was more 
frequent for high IQ than low IQ children. 

Spitz & Borland (206) presented an informational analysis of drawing recog- 
nition in children. The number of lines (redundancy) required to recognize an 
object decreased nonlinearly with age. Most of the improvement in performance 
occurred between 44 and 8 years. Pictures recognized by 44-year-olds were about 
30% more redundant than those recognized by 8-year-olds. The authors sug- 
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gested that with increasing age the child becomes sensitive to more distinctive 
features on which he can base his identification judgments. 


DISCRIMINATION LEARNING AND TRANSFER 


Discrimination learning paradigms have served as vehicles for investigating 
a number of processes and cognitive abilities as well as traditional conditioning 
variables such as reinforcement properties, incentive levels, etc. Within the con- 
text of discrimination learning and associated transfer tasks, a number of issues 
concerning the nature of mediational processes have been raised, and few have 
been resolved. Hypotheses have been generated to account for age-related dif- 
ferences in children’s ability to perform dimensional transfer shifts (reversal- 
nonreversal shifts and intra-dimensional-extra-dimensional shifts): the Kend- 
lerian hypothesis of verbal mediation (111), the selective attention model of 
Zeaman & House (247), and, more recently, hypotheses concerning age-related 
abilities to inhibit or abandon responding to previously but no longer rewarded 
stimuli (Gollin & Saravo 64, Johnson et al 101, Sanders 188). 

The discrimination learning paradigm has also served as a means of inves- 
tigating extra-experimental stimulus and response biases which subjects bring to 
the experimental situation, their effects on performance, and the nature of sub- 
sequent learning. The present review is a report on the status of the above-men- 
tioned issues and some comments on the place of these issues in future research. 
Due to the complexity of the paradigms involving dimensional shifts and the 
limited space available, the reader is advised to consult the original sources for 
the specifics of design and method of the studies cited. 


Verbal mediation —The Kendlers have continued to advance the theoretical 
position of verbal mediation to account for the age-related differential difficulty 
of reversal vs nonreversal transfer shifts. Kendler & Ward (112) demonstrated 
that the ease with which stimulus items could be classified into conceptual cate- 
gories (i.e. labeled with appropriate mediators) affected the difficulty of reversal 
shift problems for kindergarten (5 years 10 months) subjects. Materials (pictures 
of real objects) which were related in narrow conceptual categories produced 
faster reversal shift responding than broadly related materials. Both sets of re- 
lated materials produced faster reversal shift solution than unrelated materials. 
Kendler & Ward also found that presenting stimulus items in a cumulative fash- 
ion (items remained in view for a block of trials) facilitated reversal shift solution 
in comparison with single item presentation procedures. The authors concluded 
that the use of verbal mediators, and thus reversal shift behavior, was in part 
determined by the nature of the stimulus array. 

SS Limited support for the Kendlerian hypothesis of verbal mediation vs non- 
mediation has been generated within verbal learning paradigms. Conrad (37) 
presented pictures, the labels of which were either homophonic or nonhomo- 
phonic, to children 3 to 11 years of age. The subject's task was to find the loca- 
tion of a picture face down in a random array and place that picture (still face 
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down) with an identical picture face up in a matching array. Conrad reasoned 
that if subjects verbally encoded or mediated the material, matching of pictures 
with homophonic names should be less accurate than that of pictures with 
nonhomophonic names. If, however, the material were encoded or mediated 
by some unspecified nonverbal method, matching of homophones and non- 
homophones should be identical. Children (MA 3-5) performed equally well with 
homophones and nonhomophones. Older children (MA 6+) matched signif- 
icantly more nonhomophones than humophones. The superiority in performance 
of nonhomophonic material, in addition, was found to increase with increasing 
mental age. Conrad concluded, consistent with the Kendlerian hypothesis, that 
prior to 5 years of age children use nonverbal techniques for encoding and 
processing pictorial material, whereas children 6 years of age and older use 
verbal methods. 

Hall (82) found a somewhat comparable effect in a verbal discrimination 
paradigm. Hall presented 4- and 5-year-old children with a discrimination task 
in which the response terms were either phonetically related (rhymed), concep- 
tually related (common category), related in terms of affective control, or un- 
related. Only conceptually related material was found to improve performance 
in relation to unrelated control material. That subjects were not affected by 
phonetic relationships offers some support to Conrad's hypothesis. Unfortu- 
nately, Hall did not collect data with older children which would clarify the 
validity of Conrad’s hypothesis. i 

The results reported by Kendler & Ward and Hall are consistent with those 
reported in studies of the organization of memory (cf memory section). The 
general finding is that young children are able to use experimenter supplied rela- 
tionships between stimulus items to be remembered as memory aids. The use of 
the relationships as mnemonic aids is increased if the conceptual categories are 
familiar and/or concrete and if the materials are presented in a blocked manner. 
Memory researchers, however, have interpreted these findings as consistent with 
a production deficiency hypothesis as advanced by Flavell et al (50). Kendler & 
Ward’s results also appear to be consistent with this position in that, if the 
stimulus array is constructed and presented in a manner that makes a mediator 
available or salient, young children can and will use it. The availability of the 
mediator, rather than the presence or absence of mediational abilities, thus 
appears to be a critical variable for study. It is unfortunate that Kendler & Ward 
did not sample younger subjects to evaluate conditions in which mediational 
events might be used by them. 


Selective attention—~A number of investigators working within the dimen- 
sional shift paradigm have obtained results consistent with a selective attention 
model rather than the verbal mediation hypothesis. Campione (30), in a com- 
plex series of experiments using a variety of transfer shift problems varying the 
degree of redundancy of stimulus dimensions from original learning to transfer, 
found that preschool age children solved reversal shift problems with greater 
ease than extra-dimensional shift problems. Campione concluded that the re- 
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sults were in direct contradiction to the verbal mediation discontinuity hypo- 
thesis but consistent with a selective attention model which assumes the presence 
of a mediational process at all ages. Cunningham et al (39), using similar proce- 
dures, also concluded that a selective attention model rather than verbal media- 
tion was consistent with their data. 

Campione (31), working with the acquired distinctiveness of cues paradigm, 
found that pretraining with verbal labels facilitated a subsequent discrimination 
performance only when the stimulus materials were low in discriminability. For 
highly discriminable stimuli the effect of labeling during pretraining was no dif- 
ferent from simple prior exposure on subsequent discrimination performance. 
The results suggested that the nature of the mediational process is dependent on 
the complexity of the stimulus array and the difficulty of the discrimination to be 
learned. 

The selective attention model is not without its problems. A number of in- 
vestigators have questioned the one-look assumption that subjects attend to only 
one dimension at a time. Kemler & Shepp (110), using intra- and extra-dimen- 
sional shifts, concluded that 8- to 9-year-old subjects learn about both the rele- 
vant and irrelevant dimensions during original learning. Brown (22), working 
with retardates on the oddity problem, came to the similar conclusion that sub- 
jects can attend to more than one dimension at a time. 

Croll (38) found that 50% of preschoolers tested on a sorting task classified 
stimulus items on the basis of two dimensions (size and line angle). The remaining 
subjects were found to sort stimuli on the basis of a single dimension, and they 
were equally divided between attending to size and to line angle. Croll concluded 
that the performance of those subjects sorting on the basis of two dimensions 
was consistent with an attention model in which subjects attend to both dimen- 
sions simultaneously but independently. 

Bryant (27), in an extensive series of studies, found that location of the 
relevant dimension within the stimulus array, e.g. color within form boundaries, 
is an aspect of attention previously ignored. Younger subjects (5-6 years) were 
more affected by the location of the relevant dimension than older subjects (7-8 
years) who attended to the form dimension regardless of the stimuli used. Sub- 
jects at both age levels, however, displayed dimensional transfer when location 
of the relevant dimension was controlled. The “feature positive” effect cited 
below may also reflect the effects of locational attention rather than strict dimen- 
sional attention (Norton et al 160, Sainsbury 186). 


Inhibition and/or abandonment of nonrewarded responses.—Gollin & Saravo 
(64) suggested that much of the developmental variation unaccounted for in 
discrimination learning performance may be the subject’s ability to turn off or 
inhibit previous responses. The authors further suggested that reversal shift 
performance may be facilitated by any operation which permits the subject to say 
“not that one anymore.” 

Sanders (188) suggested that age-related differences in dimension shift per- 
formance was a function of the subjects’ ability to “spontaneously abandon” 
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previously but no longer rewarded responses. Younger children appear to have 
difficulty abandoning responses, and thus they demonstrate poorer reversal 
shift performance. Johnson et al (101) reached a similar conclusion by suggesting 
that younger children are unable to inhibit responding to their preferred dimen- 
sion and thus fail on reversal shift problems. 

Sainsbury (186) and Norton et al (160) presented data which could be inter- 
preted in a similar manner. They investigated the “feature positive” effect in 
young children. If the positive stimulus is defined by the presence of the dis- 
tinctive feature, learning is rapid. If, however, the negative stimulus is defined by 
the presence of the distinctive feature, learning is markedly retarded. Most sub- 
jects tested in these conditions responded to the location of the distinctive feature 
whether it was located on the positive or negative stimulus alternative. Thus 
young children may have difficulty inhibiting responding to the salient critical 
feature. 

Sanders (188) was able to facilitate reversal shift performance by instructing 
subjects on nonreinforced transfer trials that the old stimulus used to be correct 
but was now incorrect. Performance of younger subjects instructed in this man- 
ner approached that of older subjects on reversal shift problems. Johnson et al 
also suggested that subject’s ability to abandon nonrewarded responses could be 
facilitated, and thus subsequent reversal shift performance would be increased 
by pretraining. The pretraining consisted of a series of trials in which the sub- 
ject’s preferred dimension was irrelevant or negative in terms of task solution. 
In both studies (101, 188) it was concluded that the training procedures, either 
verbal or behavioral, instated a generalized rejection strategy which enabled 
younger subjects to overcome their initial inability to abandon previously rein- 
forced or preferred dimensional responding. The robustness and generality of 
the training effects, however, remain to be tested. It is quite possible that the 
rejection strategy instated was task specific and thus not generalizable across 
tasks. 


Extra-experimental biases.—A large body of data has accumulated concern- 
ing dimensional preference in young children. Dimensional preferences have 
been found to affect learning in a manner consistent with the predictions made 
from a selective attention theory. In transfer, subjects trained with their pre- 
ferred dimension (diagnosed by a pretest) relevant perform reversal and intra- 
dimensional shifts more rapidly than subjects trained with their nonpreferred 
dimension relevant (e.g. Dickerson et al 42, Johnson et al 101, Smiley & Weir 
200, Seitz & Weir 195), In general, if the subject’s preferred dimension is relevant 
for task solution, performance is improved. If it is irrelevant for task solution, 
performance is retarded. 

Dimensional preferences have been dealt with primarily on a nominal scale 
of measurement. Subjects have been classified as either form or color preferers 
with no attempt to evaluate the relative strengths of the exhibited preference. 
Odom & Mumbauer (163) attempted to devise an ordinal scale by reference to a 
hierarchy of dimensional preferences. In a study involving subjects 6 to 17 years 
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of age, Odom & Mumbauer found that a majority of subjects at each age level 
matched stimuli on the basis of form. They also found that when form was rel- 
evant for task solution, different aged subjects did not differ in errors to criterion. 
When color was relevant, however, the two youngest groups (6 and 10 years) 
made significantly more errors than the older groups. The older groups did not 
differ in number of errors as a function of relevant dimension. On the basis of 
these data the authors concluded that (a) form was the more salient dimension 
and thus higher in the dimension preference hierarchy than color; and (b) the 
difference in strength between form and color preferences decreased with age. 
Overton & Jordon (165) reached similar conclusions [cf Piaget section for de- 
tails; see also (4, 85) for color name development). 

Seitz (194) attempted to quantify differences in strength of preferences and 
thus generate an interval scale of dimensional preference using factor analytic 
techniques. By Seitz’s procedure of mixed free and forced choice matching triads, 
a majority (65%) of preschool age subjects were found to have no clear prefer- 
ence. Twenty percent of the subjects matched on the basis of color and 15% 
matched on the basis of form. 

The above results (163, 165, 194) are consistent with a general developmental 
sequence of preference changes suggesting that a greater proportion of young 
children prefer color to form and a greater proportion of older children prefer 
form to color. Seitz extended the hypothesis by suggesting that the develop- 
mental sequence terminates when subjects achieve equal preference for both 
dimensions, Seitz’s hypothesis is essentially similar to Odom & Mumbauer’s 
notion of a hierarchy of dimensional preference in which the relative strengths 
of preferences for specific dimensions become less disparate with increasing age. 
Odom & Mumbauer, however, placed the achievement of equal preference 
(ie. little difference between color and form) at about age 12. Seitz, with her 
method for assessing preference, suggested that a slight majority of preschoolers 
have already made the transition to equal preference. 

In a follow-up study, Seitz & Weir (195) evaluated the performance of sub- 
jects who by Seitz’s measure demonstrated no clear preferences for color or form. 
. Preschool subjects were classified into three categories: form, color, and equal 
preferrers. The effects of the correspondence of the subject’s preferred dimension 
and the relevant dimension in a two-choice discrimination task were evaluated. 
A large percentage of subjects with strong preferences, either color or form, 
failed to solve the problem when their preferred dimension was irrelevant for 
task solution. A finding of particular interest was that subjects with equal pref- 
erences were consistently superior to those with strong preferrences even when 
the latters’ preferred dimension was relevant to task solution. 

Performance on intra-dimensional vs extra-dimensional transfer shifts for 
the equal preference subjects was found to be nearly equal. Performance by sub- 
jects with strong preferences was found to be consistent with earlier findings: 
intra-dimensional shifts were easier than extra-dimensional shifts if the shift 
involved the subject’s preferred dimension, but were harder if the shift involved 
the subject’s nonpreferred dimension. 
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The Seitz & Weir study raises a major question concerning dimensional 
preference investigations, and that is the issue of availability of a dimension for 
use and the subject’s preferred mode of dealing with a stimulus array (Mitler & 
Harris 152). Seitz’s preference testing procedure included both free (both dimen- 
sions available for matching) and forced (only one dimension available for 
matching) choice trials. A majority of preschoolers were found to match on both 
dimensions with equal frequency across both free and forced choice trials. Does 
this mean that these subjects had equal preferences, or does it mean that they 
were able to utilize both dimensions and pr2ference was not necessarily tapped? 
The idea of preference is that subjects display an affinity for certain dimensions 
and therefore prefer to attend to them if they are present in the stimulus array. 
This does not imply that other dimensions aze unavailable for use by the subject. 
It appears that the necessary methodology must ge generated to sort out this 
issue before dimensional preference can be czitically evaluated. 

Another methodological problem with dimensional preference research was 
raised by Tighe et al (219), who found that pretesting to evaluate dimensional 
preference influenced subsequent task performance when compared with testing 
for dimensional preference immediately fcllowing discrimination training. By 
pretesting, investigators may be training, explicitly or implicitly, subjects to re- 
spond in a manner consistent with current thought about dimensional pref- 
erence effects. Although this problem is no: easily resolved, it should be taken 
into account as a variable influencing th> relationship between dimensional 
preference and learning. 

Rabinowitz & DeMyer (174) raised the issue that the appearance of dimen- 
sional preference is, in part, a function of the stimulus array. The authors, in 
accordance with Trabasso (221), found that, as stimulus items along a dimension 
increase in discriminability, the salience of the underlying dimension also in- 
creases. Thus, if stimulus cues along a dimension are highly discriminable, sub- 
jects tend to respond on the basis of the stimAlus dimension; if the cues are low in 
discriminability, subjects tend to respond on the basis of response strategies or 
position, ignoring the stimulus items. 

Brown & Campione (23) raised a simila- issue by demonstrating that highly 
preferred or nonpreferred cues along a dimension (i.e. red or brown respectively) 
produced responding on the basis of the underlying dimension of color at the 
expense of responding to form. This relaticnship was found to hold for 4-year- 
olds. Three-year-olds, however, were not affected due to the dominance of color 
preference. The authors concluded that dimensional selection in a preference test 
is determined by both age-related preference hierarchies and by the nature of the 
cues on the competing dimensions. 

Katz (105) attempted to relate differences in dimensional preference, either 
color or form, to cognitive style which itse-f is age-related. Katz found that re- 
flective subjects made significantly more form responses than did impulsive sub- 
jects. Impulsive subjects in turn made more color responses than reflective sub- 
jects. These findings suggest that dimensional preference may be reflecting an 
underlying cognitive process. 
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As is evident from the above review, current models of discrimination learn- 
ing cannot adequately account for developmental differences in discrimination 
performance. The inadequacies can be related to two factors: the concept of a 
simple and/or singular mediational process and an inability of the models to deal 
with organismic variables such as extra-experimental biases. 

The remediation of these problems is difficult but not impossible. As men- 
tioned, the notion of mediational processes has been approached in the context 
of an either-or question: either subjects of a certain age mediate, or they do not. 
The question should not be a yes-no proposition but rather a question of degree. 
Mediation can no longer be thought of as a single unit process, but as a number 
of processes available to the subject for use in various task contexts. Thus the 
questions for future research on mediational processes are twofold: what are 
the conditions which facilitate or impede the use of mediational processes, and 
what task and/or organismic variables dictate the type of mediational process 
employed. 

Extra-experimental biases can and have been approached in a similar manner. 
A number of authors have investigated the conditions in which dimensional 
preferences play a role in learning. The logical extension of this research is the 
integration of organismic variables such as dimensional preferences into models 
of discrimination learning. Johnson et al (101) have made some progress in this 
direction, but the integration is by no means complete. 


PAMED-ÅSSOCIATE LEARNING 


The major work within the paired-associate paradigm has focused on lan- 
guage parameters as variables affecting paired-associate (P-A) learning. Two 
aspects of language—language (sentence construction) as a mediational event 
and the semantic aspect of language units (words)—were evaluated. 

DiVesta (43) investigated the effects of connotative similarity on the P-A 
learning of Sth- and 6th-grade children. DiVesta found that P-A learning was 
most rapid when word pairs were polar opposites as indexed by a single scale of 
the semantic differential. Learning was also rapid when the word pairs were 
proximally located in semantic space. Performance was poorest when word pairs 
were composed of words polarized on separate scales describing semantic space. 
DiVesta concluded that the connotative elements within word pairs represent 
relations among words which facilitate associative learning in P-A tasks. The 
results, however, may have reflected an aspect of inter-pair associative strength, 
indexed by the semantic differential, rather than a process specific to language 
structure, 

A majority of the work with the P-A paradigm was concerned with the media- 
tional aspects of language, both syntax and semantics. Hughes & Walsh (92) 
investigated the effects of syntactical mediation in P-A learning by testing the 
“constraint hypothesis” proposed by Rohwer (175). Rohwer had suggested that 
different parts of speech exercise varying amounts of constraint on the type of 
word which may follow them in a sentence. Consequently, if these parts of speech 
(conjunctions, prepositions, and verbs) are used in the construction of sentential 
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mediators, the utility of the mediator shoukd vary as a function of the degree of 
constraint imposed by the core word of zhe sentence. Hughes & Walsh (92) 
found that the hypothesis held for older (GC grade) children but not for younger 
children (2nd grade). That is, for 6th-grace children the degree of facilitation 
was greatest for mediators constructed with verbs and less effective when con- 
structed with conjunctions or prepositions. For 2nd- and 4th-grade children 
there were no differences in learning wher. the mediator was constructed with 
prepositions or verbs, and both were superior to mediators containing con- 
junctions. 

In all cases Hughes & Walsh found that mediators at the three levels of con- 
straint and simple naming of the stimuli produced better learning than the 
absence of mediators. This general result wes found by a number of investigators 
working with normal children (Lynch & Rohwer 132, Rohwer & Ammon 177) 
and within a retardate population (Gordon & Baumeister 70, Turnure 223, 
Turnure & Walsh 224). 

The facilitory effect of either subject- or experimenter-supplied mediators found 
with retardates argues against a mediational deficiency hypothesis of retardate 
learning (70, 223, 224). Turnure extended tae argument against the Luria hypo- 
thesis that retardates are bound by inert language functioning and are unable 
to reverse its functioning under mediating conditions. Turnure & Walsh (224) 
reported that, if the sentential mediator consisted of a two-sentence paragraph, 
associative symmetry was found in the recall of educable mental retardates. 
Backward associates were elicited with nearly equal frequency as forward asso- 
ciates for the two-sentence mediated condition. Single-sentence mediators and 
simple naming were not effective in increasing backward associates. In a replica- 
tion Turnure (223) found that it made no difference whether the stimulus and 
response words were located within the same or different sentences in the two- 
sentence mediation condition for both learaing efficiency and ease of backward 
associations. Thus these results could hare been a function of a generalized 
increase in meaningfulness of the materials produced by the two-sentence elab- 
oration in relation to single-sentence and s.mple naming conditions rather than 
a function of language structure, either syniactic or semantic. 

Within the P-A paradigm the finding that pictorial material produced more 
efficient learning than printed or aurally presented words remained consistent. 
Hughes & Walsh (92) and Lynch & Rohwer (132) added an interesting dimen- 
sion to the phenomenon. Hughes & Walsh found that 2nd-grade subjects learned 
as efficiently from pictorially presented material without the assistance of a 
mediator as they did from words accompanied by the most elaborate and con- 
strained syntactical mediator. For 6th-grade children, however, Jearning was more 
than twice as efficient with verbal materials elaborated with sentential mediators 
compared with pictorial materials with no overt mediator. In addition, the 
authors reported that the differences betwe2n words and pictures decreased with 
increasing age. These findings were taken as support for Piaget’s hypothesized 
shift from concrete cognitive operations to rerbal-symbolic operations. 

Lynch & Rohwer (132) raised some methodological questions concerning 
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testing procedures in comparisons of pictorial vs verbal materials. These authors 
found that pictorial material facilitated associative learning only if subjects were 
required to match appropriate picture pairs in the test phase. If subjects were 
tested with the verbal labels of the picture pairs presented in the study portion 
of the paradigm, pictorial materials did not facilitate associative learning. 

Pictorial response learning was not affected by congruity or incongruity be- 
tween input (learning) and output (test) modes, but a shift from learning printed 
words to recognizing pictures had a negative effect on learning efficiency. The 
finding that incongruity of study and test (input-output) modes differentially 
affected the associative and response learning phases as a function of type of 
stimulus materials further complicates the methodological and interpretive im- 
plications of P-A tasks for developmental research. 


MEMORY 


Most research on the nature of memorial processes has focused on the 
phenomenon of organization of material during the output portion of free recall 
tasks. Organization, loosely defined as the recall of items in a consistent order 
independent of the presentation order, is thought to represent an attempt by 
subjects to encode information to be remembered with a strategy which allows 
greater and more accurate recall (Tulving 222). Most investigators have found a 
positive correlation between amount of organization present in subjects’ recall 
and total number of items recalled. This relationship has been interpreted by a 
number of investigators as evidence that organization of output reflects a cog- 
nitive strategy for improving memory for and/or retrieval of information (Cole 
et al 36, Moeley & Shapiro 153, Neimark et al 156, Rosner 180, Wachs & Gruen 
229). In addition, amount of organization and recall have been found to increase 
monotonically with increasing age for both conceptually related and unrelated 
material, 

The general trend of current research on the topic of organization of free 
recall has been toward an evaluation of age-related changes in subjects’ abilities 
to utilize experimenter-provided structure in lists to be learned. That is, most 
research addressed the question: can children use the experimenter-provided 
structure as a basis of organization to improve recall and what conditions are 
conducive to its use? 

In line with this reasoning, the role of phonetic relationships between items 
as a basis of organization was examined. In contrast to the data reported on the 
effects of phonetic similarity on discrimination learning (cf discrimination learn- 
ing section) phonetically related materials were found to improve performance 
in a free recall paradigm. Locke (129, 130) found that placing rhyming items in 
temporal contiguity during presentation improved recall compared to presenting 
a random list of the same items to 4-year-old children. The rhyming items under 
the blocked condition tended to be recalled as a unit, and thus phonetic rela- 
tionships were concluded to serve as a basis of organization (Locke 129). 

Rossi & Wittrock (181) evaluated age-related changes in modes of organiza- 
tion of children ranging in MA from 2 to 5 years. Phonetic relationships in the 
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form of rhyming items were used as a basis of organization proportionally more 
often by younger children (MA 2 years) than older children. Organizational 
units based on syntactical relationships wer2 found to be most frequent among 
children of MA 3 years and declined in frequency of use thereafter. Frequency of 
organization by means of conceptual categories and serial position were found to 
increase in a monotonic manner with increasing MA; organization by means 
of conceptual categories increased in a lirear manner, whereas frequency of 
serial position usage was found to be positively accelerated. 

Wachs & Gruen (229), in an attempt to evaluate conditions conducive to the 
use of conceptual category organization as a memory aid, presented 2nd, 4th, 
6th, 8th, and 12th graders with word lists ic which the items were exemplars of 
conceptual groupings. The categories were either familiar or unfamiliar, and the 
items within categories were either high or sow in frequency of occurrence. The 
authors found that the combination of high frequency items and familiar cate- 
gories produced the greatest amount of clustering and total recall. Unfamiliar 
categories and low frequency items produced the least amount of clustering and 
total recall. Clustering was found to improve under all conditions of list structure 
across trials. On the basis of these data the authors concluded that the occurrence 
of clustering was dependent on the availability of conceptual categories for use 
rather than the subjects’ ability to use corceptual categories as mediators. In 
terms of the Flavell et al (50) hypothesis, the failure of subjects to demonstrate 
clustering under conditions in which the categcries presented in the list were un- 
familiar, and the demonstration of clustering when the categories were familiar, 
represents production deficiency rather than a mediational deficiency. 

A number of studies evaluating methods of increasing the organization of 
stimulus items, and thus subsequent recall, appear to be consistent with the 
production deficiency hypothesis. Cole et al (36) and Moeley & Shapiro (153) 
found that blocking conceptually related items in contiguous sequences during 
presentation increased both amount of clustering and total recall, McCarson 
& Daves (138) found that increasing the number of exemplars within conceptual 
categories improved category recall and clustering of items within these categories 
for 4- and 5-year-old children. 

Although the concept of production deficiency appears to be well-grounded, 
Rosner (180) demonstrated some limitations. Rosner, working with subjective 
organization of unrelated items, found that 5th- and 9th-grade subjects chunked 
and recalled more items when they were instructed to make up ways the items go 
together than when they were simply tolc to rehearse the items. First-grade 
children, however, did not benefit from the chunking instruction. On the basis of 
improved recall and organization as a funct:on of chunking instructions, Rosner 
concluded that the older children demons-rated a production deficiency. The 
younger children were said to be retrieval deficient since there was a lack of 
correlation between amount of subjective organization under both chunking and 
rehearsal conditions and amount of recall. Thus the appearance of production 
deficiency may be age-related, but it is als> dependent on the nature and dif- 
ficulty of the task. 
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The task of future research is the investigation of the variables and conditions 
which affect the discovery and use of task-supplied bases of mediation in both 
memory and learning tasks in general. Kendler & Ward (112), as well as many 
of the above-cited authors, seem to be making progress in this direction. If this 
approach is to be fruitful, the purpose must be changed from determining the 
age at which children demonstrate mediation to determining the conditions in 
which subjects at different ages are capable of using mediational processes as 
learning and memory aids. 


CULTURAL, ETHNIC, AND SOCIAL COMPARISONS 


Surveying this general literature leads one to believe that if Arthur R. Jensen 
is deserving of censure on any count, it is the role he has played in stimulating a 
proliferation of papers of varied quality, many of which contribute little in the 
way of new knowledge. The Jensen issue, while dealt with explicitly in some in- 
vestigations, appeared to be the concern of many other investigators who did not 
allude to it. 

In general it was hard to find consistency in definitions of social class, in 
the instruments employed to assess intelligence (IQ), or in the outcomes of in- 
vestigations. Determinants of social class were frequently based on family income 
which is clearly inadequate given the theoretical burden assigned to the social 
class categorization. Also, in a large proportion of the investigations ethnicity 
and social class were confounded. The typical comparison was between black 
lower-class children and white middle-class children. While it was true that con- 
tributors often remarked on the dubiety of employing socioeconomic status 
(SES) as a category, only rarely did they permit their unease to affect the manner 
in which their results were interpreted. 

Instruments for assessing intellective functioning were still predominantly 
standardized IQ tests although an increasing variety of other devices were 
utilized. A selection of the instruments was administered either cross-sectionally, 
longitudinally, or to the same subjects within a short time period. The results 
often consisted of the usual matrices of correlations and seldom added any new 
information to the literature. 

Outcomes almost exhausted the universe of possibilities. Sometimes there 
were no significant differences in IQ or other measures as a function of sex, 
ethnicity, or social class. Sometimes there were differences between social classes 
or ethnic groups but confined to one or the other sex. Sometimes there were no 
sex differences, but social class and/or ethnic differences were found. In sum, in 
most studies disadvantaged children, regardless of ethnic definition, were found 
to achieve lower IQ scores than nondisadvantaged children but not always. The 
. Studies cited below are not necessarily reflective of the observations stated above 
but have been selected to provide an overall view of the research in this highly 
important area. 
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compared the impact of two different examiners, A and B, upon the WISC IQ 
scores of Puerto Rican working-class childr2n. Examiner A was warm and en- 
gaging while B was business-like. Children. tested by A achieved significantly 
higher IQ scores than those tested by B. The authors concluded that the style 
of testing was responsible for the dramatic differences in IQ scores, but they did 
not address themselves to a further difference between A and B revealed in the 
following quotation: “However, while Examiner B had never met any of the 
children before testing them, Examiner A had known the children and their 
families for many years as a result of her participation in other phases of our 
ongoing longitudinal studies.” This aspect of the difference between examiners 
evidently was not regarded as a possible factor influencing the differences in IQ 
scores between the groups. 

Golden & Birns (61) tested three groups of 18- to 24-month-old children on 
the Cattell and Piaget Object Scales under standard procedures and under 
optimal procedures. The parents of one group were black welfare recipients, the 
parents of the second group were blacks with higher-educational achievement, 
and the third group had white parents of higher-educational achievement. It was 
assumed that the white group was of higher SES than either of the black groups. 
All the children were tested first on the standard procedure, and one week later 
the optimal procedure was administered. There were no significant differences 
on either test between SES groups, nor were there differences between the groups 
in amount gained from standard to optimal procedures. All groups showed 
significant improvement from first to second testing. It is difficult to interpret the 
outcome since order of procedures was not counterbalanced. 

Using the WPPSI as their evaluative instrument, Kinnie & Sternlof (114) 
tested middle-class white, lower-class white, and lower-class black children aged 
4-5 years before and after special training procedures. The procedures were 
directed at familiarizing the children with test conditions, testers, and test lan- 
guage. All groups showed a significant increase in IQ scores on the full scale 
WPPSI and on the performance scale but aot on the verbal scale. Although it 
had been anticipated, the lower SES groups did not show a greater gain in IQ 
scores than the higher SES group. 

Jacobson et al (97) tested the effects of cognitive training and of programmed 
social interaction on the Stanford-Binet scores of young black children whose 
families had incomes below the federally established poverty line. In the cognitive 
training sessions (20 hours), the children learned to acquire learning sets under 
three conditions: reinforcement by social praise and frosted cereal; reinforce- 
ment plus modeling the correct response b2fore the child responded; reinforce- 
ment plus modeling the correct response immediately after the child responded. 
The subjects ranged in age from 32-61 months. They were administered the 
Stanford-Binet prior to and after the training procedures. All three training con- 
ditions produced significant increases in IQ scores. The preresponse modeling 
condition produced greater increments than the other conditions, and the 
children with the lowest initial IQ scores showed the largest amount of gain. In 
the social interaction experiment (97) chilcren were given 5, 10, or 20 hours of 
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individual contact with adults. Only those children in the middle IQ groups 
benefitted substantially from the first to the second IQ test. The overall improve- 
ment of the social motivation groups fell far short of that produced by the cog- 
nitive training provided in the first experiment. 


Group comparisons of IQ scores-—There are many studies which compare 
IQ performances of black and white children but do not introduce treatment 
conditions, For example, the WISC scores of black and white children between 
the ages of 8 and 16 years who were clients in an outpatient clinic were compared 
by Goldstein & Peck (63). They found that white males scored higher than black 
males only on the verbal subscales which are assumed to reflect formal education 
and to be more heavily loaded on environmental factors than performance IQ. 
Their findings differed from those of many other investigators in that they found 
no significant full-scale differences between black and white males. When black 
and white males with low vocabulary scores were compared on the Similarities 
Subtest, the black males were found to have significantly higher scores. The 
authors interpreted this finding as indicating that the black males are not neces- 
sarily deficient in conceptual skill. Black females had lower scores than white 
females on all scales, but there were age and clinical referral confounds between 
the black and white female samples. 

Musgrove & Lawson tested black and white Headstart children on the 
Draw-A-Man Test, and on the Geometric Design and Information Subtests of 
the WPPSI (155). The white children were found to have a statistically signif- 
icant advantage only on the Information Subtest. 

Snyder et al (201) conducted an item analysis on the Bender-Gestalt protocols 
of white children in the Ist grade and of black and white 3rd-graders. The black 
children were classified as an urban disadvantaged group. The report contains 
useful information about the frequency of kinds of Bender errors made by the 
groups studied. In general the scores of the black 3rd-graders fell between the 
scores of the other two groups. 

In two papers Scarr-Salapatek (190, 191) discussed theoretical and methodo- 
logical issues involved in the relationships between IQ and racial and social 
designations. In addition to presenting extensive data analyses on a large sample 
of twins, she also presented genetic and environmental models which may be 
useful in organizing information and generating predictions. 


Linguistic factors —The relationships between a number of linguistic factors 
and intellective achievement have been examined in a number of studies. Am- 
mon & Ammon (3) pretested 44-year-old black children from low SES back- 
grounds on a battery of instruments including the Peabody Picture Vocabulary 
Test (PPVT), Form B. The children were then divided into three groups. One 
group received vocabulary training, the second was trained on sentence con- 
struction, and the third served as a control. Training was conducted over a 6- 
week period. The group trained on vocabulary achieved a significantly higher 
PPVT (B) raw score on the post-test than did the sentence construction and 
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control groups which did not differ from each other. It should be pointed out that 
effective training on sentence construction may be dependent upon an adequate 
vocabulary. Furthermore, it would be unfo-tunate if these results were utilized 
to discourage training in sentence construction since there is no evidence that the 
vocabulary and sentence construction training procedures were comparably ef- 
ficient. 

Milgram et al (146) had advantaged and disadvantaged kindergarten and 
ist-grade children retell a story which had been read to them. The advantaged 
children were white, and the disadvantaged. group was divided equally between 
children who were black or white. It had been hypothesized that the disadvan- 
taged would be more handicapped in retelling the essential elements of the 
story than in the number of words and sentences they could produce. Contrary 
to expectation, the greater difference between the advantaged and disadvantaged 
groups was in word and sentence production rather than in thematic production. 
Among the disadvantaged children there were no differences attributable to race. 

Jeruchimowicz et al (100) compared lower and middle-class black children on 
their knowledge of action and object words. The middle-class children were 
superior on both categories of words and showed no difference between cate- 
gories. The lower-class children made significantly more errors on action than 
on object words. These results must be treated with caution since there was a 
significant chronological age advantage for the middle-class children. 

Berg & Berg (13) tested young black and white children from middle and 
lower-class families on the PPVT (B) instrument which measures hearing vo- 
cabulary. The mean mental age of the black children was 12 months below the 
mean mental age of the white children. There were no significant differences 
associated with SES. Only the differences in the score associated with ethnic 
assignment were significant. The possibility exists that the children categorized 
as black middle class were not middle class. 

In a 1969 paper which has received a gcod deal of attention, Baratz (10) pre- 
sented white and black children with a sentence repetition test which contained 
items in standard English and in black dia.ect. Baratz interpreted her results as 
indicating that black children were not bidialectal. Since black children are con- 
fronted with school and test situations thatrely on standard English, the import 
of her findings for understanding the perfcrmance deficits of these children was 
considerable. However, a rather sharp critique of Baratz’s methodology and 
statistical analyses has been made by Foreit & Donaldson (51), who suggested 
that some of the conclusions presented by Baratz may be questionable. 

An experiment by Quay (172) also raised questions about the Baratz inter- 
pretations. Quay studied the effects of diclect and reinforcement on the Binet 
scores of black children in Headstart programs. Half of the children were ad- 
ministered the test by means of standard English, and the other half by means 
of black dialect. Each language group was further divided so that 50 percent re- 
ceived praise during the test and 50 percent were given candy rewards. The testers _ 
were blacks. The mean IQ for all groups was about 96; there were no differences 
in the IQ means between either the reward or language conditions. Although the 


DEVELOPMENTAL PSYCHOLOGY 33 


speech of the subjects was predominantly dialect, they were able to comprehend 
standard English as well as they comprehended dialect. 


Associative and conceptual learning —Jensen’s (99) two-level model of learn- 
ing, associative and conceptual, has been subjected to examination in a number 
of studies. Jensen argued that Level I functions such as digit span and rote learn- 
ing were genotypically independent of Level II functions, which include hypo- 
thesis testing, induction, deduction, etc, and furthermore that Level I functions 
were comparably distributed in lower and upper-class groups, while Level I 
functions were differentially distributed. Stevenson et al (211) administered Level 
Land Level II tasks to disadvantaged 5-year-old day care children (mostly black). 
Although the overall performances of these children were generally poorer than 
those of white middle-class children, the intercorrelations between Level I and 
Level II tasks for the two groups were similar, casting doubt on the Jensen thesis. 

In an elaborate study, Guinagh (79) also attempted to deal with Jensen’s 
distinction between intelligence (IQ) and basic learning ability (BLA). He was 
concerned with Jensen’s assumption that IQ (Level II) is dependent on BLA 
(Level I). Inadequate BLA is held to be sufficient to account for poor perform- 
ance on IQ whereas adequate BLA is necessary but not sufficient for good IQ 
performance. Guinagh’s position was that low IQ is due to cognitive depriva- 
tion and that experience with the concepts found on IQ tests should lead to im- 
provement of IQ performances. His experiment was designed to determine 
whether IQ was functionally dependent upon BLA and whether it was trainable. 
His subjects were black and white children of low socioeconomic status (SES). 
They were divided in terms of their scores on a digit span test (BLA), and the ex- 
perimental groups were given the Raven Progressive Matrices Test before and af- 
ter sessions in which they were trained in concepts involved in the Raven test. The 
main effect of treatment was highly significant; all experimental groups exceeded 
their controls except the black children who had been classified as low on digit 
span. It was concluded that Raven scores can be substantially improved by ap- 
propriate training and that the improvement lasts at least a month. Jensen’s 
claim of a relationship between BLA and IQ was supported in the black but not 
in the white groups. 

Another empirical examination of Jensen’s model was conducted by Rohwer 
et al (178). The subjects were low SES black children and high SES white children 
in kindergarten, Ist, and 3rd grades. In addition to standard intelligence tests 
the children were given a variety of paired-associate tasks to measure original 
learning, retention, and learning-to-learn. The outcomes were counter to pre- 
dictions deriving from the two-level model. Alternate hypotheses to account for 
the results were offered. In another paper Rohwer (176) argued that achievement 
of mastery by rote learning, as Jensen advocates for children from low SES back- 
grounds, is inappropriate for all children. He speculated that low SES black 
children had not learned to elaborate spontaneously the materials they are given 
to learn. The emphasis in school curricula should be upon training which stresses 
techniques of elaboration. 
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Longitudinal studies.—There has been an increasing interest in longitudinal 
studies of the IQ performance of disadvantaged groups. Three hypotheses are 
current with regard to the relationship between earlier and later measures of IQ 
among disadvantaged children. The first predicts a systematic decline in the scores 
of disadvantaged children because of a widen:ng academic gap between them and 
nondisadvantaged children. The second hypothesis predicts a rise in IQ scores 
due to school experience, and a third position asserts that there is no systematic 
relationship between early and later measures. To test these hypotheses, Milgram 
(145) examined the IQ scores of black disedvantaged children who had been 
tested yearly from ages 3 through 8 on the PPVT (A) and on the Stanford-Binet, 
Form LM. While the PPVT (A) mean scores of the children rose significantly 
from 3 to 8 years, no significant increase in mean score was found on the Stanford- 
Binet. At no age on either of the tests did the mean IQs approximate the normal 
range of IQ mean scores. : 

A longitudinal study was carried out by Hertzig & Birch (87). Utilizing the 
Stanford-Binet, Form L, they compared the scores of Puerto Rican children of 
working-class background with the scores cf white middle-class children. Both 
groups had been tested at 3 years and at 6 years and showed a gain in mean IQ 
of approximately 5 points over that time span. The gain was statistically signifi- 
cant only for the white group. Within groups there was considerable stability of 
relative position. 

In another longitudinal study Goffeney et al (50) compared Bayley Infant Scale 
scores obtained at 8 months with WISC and Bender scores obtained at 7 years. 
The black and white children were from families presumably below the socio- 
economic and educational mean of the counry in which they lived. All significant 
correlations between the Infant Scales and lazer tests were low. No 8-month score 
for black males correlated significantly with any of the later scores, The authors 
included a worthwhile discussion of methocological and logical issues involved 
in predicting later from earlier IQ scores. 

One study that did contain a report of a large gain over time was conducted 
by Marshall & Bentler (135), The subjects were 4-year-old disadvantaged minor- 
ity group children who were tested at the bzginning and end of the school year 
on the PPVT (A). A mean increase of 23.£ IQ points was found. The authors 
attribute the change to the particular enriched nursery school environment ex- 
perienced by the children. These results must be interpreted conservatively since 
there were only 11 children in the sample and there were no control or comparison 
groups. 

Golden et al (62) conducted a longitudiral analysis of the IQ scores of black 
children of different social class designations to determine when class-related 
differences in intellectual performance emerge and to identify specific deficiencies 
that may prevent lower-class children from achieving academically. The Cattell 
Infant Intelligence Scale was administered at 18 and at 24 months, and the 
Stanford-Binet was given to the same children at 36 months, No social class 
differences in IQ scores were found on the Cattell measures, but the lower- 
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class children achieved significantly poorer scores on the Stanford-Binet at 36 
months. The mothers of the children were tested on the PPVT. Correlations 
between mothers and children on IQ performance increased between 18 and 36 
months 


Piagetian tasks—Social class, cross-ethnic, and cross-cultural interest in 
Piagetian tasks has continued since performance on these tasks is assumed to 
index the level of cognitive development. Wei et al (234) compared white middle- 
class and culturally deprived kindergarten and 2nd-grade children on a number 
of Piagetian classification tasks. They hypothesized that the culturally deprived 
children would show increasing deficits relative to the middle-class children with 
age. While the culturally deprived children achieved lower scores on the classifica- 
tion tasks than did the middle-class subjects, there was no evidence of a widening 
performance gap among the older children. 

Asomewhat different pattern of relationships emerged in a study by Kauffman 
et al (108), who administered conservation tasks to Headstart and upper middle- 
class children ranging in age from 28-55 months. They found some indication of 
a developmental shift in the white middle-class children but no comparable devel- 
opmental change in the Headstart children. Employing data from both groups 
of children, they challenged the claim that children as young as 28 months exhibit 
conservation. 

Wasik & Wasik (233) used the Goldschmidt Assessment Kit, which measures 
conservation, with nongraded primary school children from culturally disadvan- 
taged backgrounds. There were approximately equal numbers of black and white 
children in the group. These children lagged behind the normative sample by 1-2 
years in attained conservation. 

Yoruba children served as subjects in a study by Lloyd (128), who presented 
them with a number of conservation tasks. The age range of the respondents was 
33-8 years, and they were selected from two social groups designated as tradi- 
tional and as elite. Significant age and social group effects were found. The elite 
groups had nonsignificantly higher scores than an American middle-class sample. 
The traditional Yoruba group exceeded the American middle-class group on one 
of the conservation tasks and was inferior on another of the tasks. 

Overton et al (166) investigated the ability of middle-class white and lower- 
class black children on tasks requiring multiplicative classification. Multiplicative 
classification involves the ordering of objects at the intersection of two or more 
classes. In the Piagetian system this skill is based upon the logical grouping 
termed “‘bi-univocal multiplication of classes.” The children in the study ranged 
in age from approximately 4 through 10 years. They were presented with two- 
dimensional and three-dimensional objects in the classification tasks. Dimension- 
ality was counterbalanced. There were no significant differences attributable to 
dimensionality, nor were there any differences in classification skills among the 
younger subjects as a function of social class. However, the oldest group of 
middle-class children significantly exceeded the oldest lower-class children in 
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mean number of correct classifications. Alternative theoretical interpretations 
are offered for the interaction between social class and age. 


Miscellaneous studies —The impact on the learning and the concept attain- 
ment of culturally deprived children of stimulus materials and of reinforcement 
have been examined in a number of investigations. Bresnahan & Blum (21) hy- 
pothesized that children from low socioeconomic backgrounds perform less well 
on concept-attainment tasks than children from higher socioeconomic back- 
grounds because they have had inconsistert reinforcement histories. In their 
experiment they presented 1st-grade children “rom low and high SES backgrounds 
with a concept attainment task. One-third of the subjects in each SES group re- 
ceived either zero, 6, or 12 random reinforcements before the criterion run was 
initiated. The introduction of random reirforcement produced error perfor- 
mances in the high SES group that were comparable to the error performances of 
the low SES group. Under the zero conditicn the high SES group made signifi- 
cantly fewer errors than their low SES counterparts, sustaining the hypothesis 
that the poor performance of the latter gro.p reflected their chaotic or incon- 
sistent reinforcement histories. 

Spence (202) tested the assertion that matrial rewards are more effective than 
symbolic rewards with culturally disadvantazed children in a learning task. The 
symbolic reinforcer consisted of a light, anc the material reinforcer was a light 
plus candy. The symbolic reinforcer was generally more effective. Since light 
(symbolic) and candy (material) reinforcers were not compared with each other 
in terms of effectiveness, it is possible that the light plus candy condition was 
inferior because the combination was distracting. 

To assess the role of stimulus materials on concept attainment, Securro & 
Walls (193) presented advantaged and disadvantaged Sth-graders with concept 
learning tasks employing life-like or artificial (geometric forms) stimuli. No dif- 
ferences in learning were found between the social groups or as a function of the 
class of stimuli. 


Summary.—One overall impression from the literature that has dealt with the 
cognitive functioning of disadvantaged children is that there has been a surfeit 
of studies of assessment by standard measures. The emphasis of research should 
be upon training and sustaining cognitive activities necessary to the achievement 
of competence. Cognitive competence underlies not only traditional academic 
achievement but also is likely to be centrally implicated in socially effective be- 
havior and in healthy emotional development. 

The entire concept of disadvantage requcres a thorough reevaluation. Classi- 
fications by SES, degree of intactness of the family, ethnic category, etc, are likely 
to be more obscurant than enlightening in contributing to the understanding of 
behavioral change in groups designated as cisadvantaged. The focus of research 
‘ought to be on the identification and manipulation of the operating variables. 
Some work along these lines has begun as the review has indicated. However, 
many of the programs that are undertaken ere guided by assumptions with little 
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or no empirical foundation. Given the extant social circumstances, a fruitful 
direction, applicable to all children and not only to those classified as deficient in 
some respects, would be to build upon abilities and masteries already available 
to children. Such a program would require individualized diagnoses of children’s 
skills and handicaps in specific behavioral domains and the construction of train- 
ing procedures based on the diagnostic information. Aspects of developmental 
theory should contribute to the efficacy of training programs, but unless theo- 
retical considerations are closely adapted to individual differences, programs will 
continue to be addressed to ages, stages, or statistical averages and not to human 
learners. 


Benaviorn MODIFICATION 


An excellent short review of the history, theoretical base, and operating proce- 
dures of behavior modification has been presented by Graziano (74). He has also 
provided a critique of traditional therapies for their “disease entity” models and 
for their limited delivery capabilities. Perhaps the most important contribution 
to understanding the rationale, aims, methods, and procedures of behavior ther- 
apy was made in a book by Browning & Stover (26), who are members of the 
staff of the Children’s Treatment Center in Madison, Wisconsin. They have pro- 
vided detailed accounts of how management programs are generated and imple- 
mented for children manifesting a wide variety of maladaptive behaviors. There 
is a worthwhile discussion of ethical problems in general and of the use of punish- 
ment in particular. However, the discussion of the problem of long-term effects 
is not convincing. Like Graziano, Browning & Stover reject the “disease entity” 
model and rely on the argument that unless parents or some other agents main- 
tain sufficient aspects of the management program, the modified behavior is likely 
to extinguish. This argument reflects the performance orientation of the operant 
position and avoids what must be regarded as the essence of any successful thera- 
peutic program, namely, the instatement of coping techniques which will enable 
the individual to operate more effectively across a range of environmental 
conditions. 

Behavior modification procedures have been used with infants (173), nursery 
school children (137, 144), children in the primary grades (102, 225), retardates 
from early ages through adulthood (95, 136, 245), and autistic children (26, 95). 
The behaviors dealt with included vocalization in infants (173), consumatory 
behavior (102, 136, 245), aggression (26, 95), simple motor behavior (25, 137, 
144, 225), intelligence test responses (185), stuttering (184), and probability learn- 
ing (109). Control procedures employed varieties of reinforcers: social (2, 25, 26, 
136, 137, 144, 173, 225); time out, defined as a period when positive reinforcement 
is not available or when the opportunity to make responses which will produce 
positive reinforcement is prevented (2, 26, 74, 95, 136); tokens (9, 26, 74, 185); 
punishment (26, 74); combinations of and/or comparisons of these and other 
reinforcers (25, 26, 74, 136, 137, 144, 225). Control procedures also included 
fading (26, 102), extinction (26, 74, 102), shaping (26, 245), and avoidance (26, 
107). 
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It is not always clear what role the operart procedures play when the behavior 
is complex. For example, Ryan’s (184) report of the effectiveness of operant 
procedures on stuttering in five otherwise no-mal children is difficult to interpret. 
There is no question as to Ryan’s effectivensss as a therapist. He individualized 
the treatment programs and spent many sessions with each child. Only a small 
part of his program was explicitly operaat. Similarly, Sachs (185) reported 
changes in WISC scores from beginning to end of the school year for a group of 
eight children enrolled in special education courses. The WISC was the evaluative 
instrument employed to test the efficacy of a token economy. Token programs 
were developed to deal with a variety of cognitive skills and maladaptive be- 
haviors, e.g. attention span and tantrums. A significant average improvement in 
WISC scores from 67 to 80 was observed. There is no way, within the design of 
the study, to determine whether the token economy, the highly individualized 
programs, the small teacher-student ratio, cr any other factors were specifically 
responsible for the change. 

There were several studies in which parents served as trainers in attempts to 
eliminate annoying behaviors (e.g. 2, 102). ¥ is difficult to evaluate such demon- 
strations because there was no systematic observation by the authors of what 
transpired during the parent-child sessions. This type of report, and others in 
which incomplete or doubtful outcomes are presented (e.g. 136), should be 
screened more effectively by editorial reviewers. 

Most workers within the behavior modification framework prefer to test the 
adequacy of their treatment variables by tae baseline procedure: the rate of a 
particular response during a set time period s recorded; a treatment is introduced 
which is designed to alter the rate of responding; the treatment is eliminated, and 
rate is again recorded. If rate of response changes as a function of treatment and 
returns to baseline (extinguishes) when the treatment is withdrawn, the efficacy 
of the treatment is accepted. While this p.an is adequate for trivial behaviors 
which are studied ad nauseum (pressing telegraph keys, dropping marbles in 
holes), it is inadequate in other contexts. Ir clinical situations, if there is success 
in instating responses which are important for the well-being of the patient (e.g. 
245), it would be highly unethical to weaxen systematically or eliminate such 
responses. In situations where management programs are utilized to modify 
multiple responses (26, 184), sometimes involving months of treatment, extinction 
procedures would have to take the form of a management program designed to 
engender pathology, e.g. to make a nonstufferer stutter again. 

One solution lies in investigating the effiacy of operant procedures within the 
framework of small sample designs (144, 173, 225). If transfer tasks were used in 
conjunction with small sample designs, th= test of the efficacy of the treatment 
procedure would be all the more rigorous. Such procedures would be appropriate 
in many nonclinical settings but are not likely to be applicable in most clinical 
settings. In clinical settings the efficacy of the therapeutic program, as distinct 
from particulars, ought to be evaluated in terms of durability and generalizability 
of modified behaviors. The introduction of terms such as “self-reinforcement” 
and “maintaining stimuli” addresses this question but raise difficulties for the 
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theoretical formulations of operant psychology. These terms smell of cognition 
and may presage the day when we have a cognitive theory guiding an operant 
technology. 


PIAGETIAN INVESTIGATIONS 


A number of studies have investigated the relationships between cognitive and 
linguistic development. Youniss et al (246) trained deaf children in the use of 
logical symbols. The outcome of the experiment was interpreted as being suppor- 
tive of Piaget’s theory of the development of logical symbol usage and as critical 
of theories which assert that the employment of logical symbols stems directly 
from linguistic structures. Stephens & McLaughlin (210) administered 29 
Piagetian tasks as well as vocabulary subtests from the WISC or WAIS to normal 
and retarded subjects. Their findings supported the Piagetian contention that 
cognitive development was not dependent upon linguistic development. How- 
ever, language does play a role when verbal report is the only means by which the 
subject’s level of cognitive development can be determined. An illustration of the 
role of language was provided in studies of conservation by Hamel & De Witt 
(83), and by Harasym et al (84). In conservation the subjects must comprehend 
the instructions and, by Piaget’s criterion, must provide a verbal explanation of 
the conservation principles in order to be assessed a conserver. In the above-cited 
investigations the subject’s understanding of the relational terms “‘same-different” 
and “more-less” was correlated with the solution of conservation problems in 
which those terms were implicated. 

Several studies have dealt with the factor structure of Piagetian tasks. Bart 
(11) examined the Piagetian suggestion that formal operational skills are uni- 
factor. Thirty subjects at each of three age levels (13, 16, and 19 years) who were 
scholastically above average served as subjects. They were given four Piagetian 
formal thought tasks, three formal operational reasoning tests (biology, history, 
and literature), and the Experimental Omnibus Vocabulary Test. The Piagetian 
tasks were found to be unifactor as were the formal reasoning tests. However, 
tasks and tests taken together were bifactor. The tasks and the vocabulary test 
were unifactor. The results indicated a substantial formal operational factor and 
a second factor which is related to content. In another factor analytic study 
(Berzonsky 14) the unitary nature of logical thinking was tested on 1st-grade 
children. Twenty-nine Piagetian tasks dealing with causality were presented. Five 
factors were identified: causal reasoning, concrete operational thinking, problem 
solving, causal explaining in concrete situations, and understanding the concept 
of force. 

Lee (124) utilized a hierarchical factor analytic method to investigate the 
relationship between level of cognitive development and level of moral judgment 
in children ranging in age from 5 through 17 years. She employed six Piagetian 
tasks and nine morally conflicting story situations. Three orthogonal cognitive 
components were defined: general cognition, concrete operations, formal opera- 
tions. With age held constant the concrete operations component was best related 
to a decrease in authority-type moral responses while the formal mode best pre- 
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dicted an increase of societal and idealistic moral modes of conceptualizing. 

Level of moral judgment was also examired by Armsby (5). Children of ages 
6, 8, and 10 years served as subjects. They were presented both with standard 
Piagetian stories and with revised stories designed to differentiate accidental from 
purposive behavior. A higher percentage cf the children made intentionality 
judgments on the revised than on the standard stories. A majority of the youngest 
children made judgments in terms of the motives of the actors rather than in terms 
of the amount of physical damage. 

Object concept development continues to be a topic of interest. Landers (122) 
studied object permanence in infants between 7} and 10 months, focusing on 
Piaget’s Stage IV in which infants will search for a hidden object at a location (A) 
where it is first hidden but will not also searca at a secund location (B) where the 
object may be hidden subsequently. Infants who were given more experience in 
finding an object at the A position had more difficulty in locating it at the B posi- 
tion than another group with less experience.at searching A. Infants who did not 
search themselves but only observed the object at location A were also more 
successful at finding the object at location B than the group with the greater 
A-search experience. The motor component involved in the search of A was re- 
garded as playing a large role in instating object “representation” since it was the 
group with the greater amount of active A search that had the greatest difficulty 
in finding the object at the B location. Serafca (196) investigated object concept 
in psychotic children. He compared their responses with preferred and with 
neutral objects. When the preferred objects were employed, the psychotic children 
attained Piaget’s sixth stage of object permanence, but with the neutral objects 
these children showed a considerable develcpmental lag. 

The role of stimulus preference on an>ther Piagetian task, multiplicative 
classification, was studied by Overton & Jcrdan (165). One object of this well- 
designed experiment was to test the Piagetian claim that perceptual factors en- 
hance multiplicative classification at age 4 Dut disrupt the behavior at 6 years. 
While the claim was not supported, it was found that across the age range a strong 
preference for color was indicative of a lower level of cognitive functioning than 
preference for form, size, or number. Perhaps the most interesting finding was 
that a strong preference for form at age 4 aad for number at age 6 differentially 
predicts overall high performance at each respective age. 

Brainerd & Alien (19), in a review of the conservation training literature, 
concluded that first-order quantitative invariants, represented by the conservation 
of number, length, substance, and weight, ere trainable. Second-order quantita- 
tive invariants (volume, density, momentun, and rectilinear motion) remain to 
be investigated systematically. The authors suggest that the investigations which 
demonstrated training effects with first-order conservation problems involved 
treatments that specified operational revers:bility in the form of inversion-nega- 
tion. The critical variable was not the age cf the subject but rather the nature of 
the treatment. In training procedures in which operational reversibility was not 
or was only partially specified, transfer of training effects were not found regard- 
less of the age range employed. The authors found that most training manipula- 
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tions produced specific transfer, transfer of the trained conservation principle to 
novel stimuli. Nonspecific transfer, facilitation of untrained conservation prin- 
ciples, was not found to be the general case. 

Brainerd & Allen (20), in an attempt to train second-order conservation 
principles (density and volume) in subjects 11 to 15 years of age, found that 
training on density conservation involving specific feedback induced positive 
transfer to solid volume conservation. Positive transfer was not found for liquid 
volume conservation. The authors suggested that the differential transfer effects 
were the result of the similarity of training and test materials used for density and 
solid volume conservation and the dissimilarity of materials used for liquid 
volume testing. The differential transfer effect may also have reflected incidental 
learning about water level displacement (the test of solid volume conservation) 
which occurred during training of density conservation. That is, during density 
training the subject was asked whether or not a piece of clay would float in water. 
The size of the piece was gradually reduced and with each reduction the outcome 
was demonstrated. Thus, in addition to learning about density conservation, 
subjects may well have been learning about water level displacement as a function 
of clay size which would account for the positive transfer found for solid volume 
conservation. The fact that no such transfer effect was found for liquid volume 
may reflect the lack of implicit training on this principle as was available for solid 
volume. 

Brainerd & Allen (19) and Miller (148) took issue with the notion of extinction 
of conservation responding as a method for assessing the efficacy of training 
procedures. Extinction of conservation was introduced by Smedslund (199) as 
“countersuggestion.” The method involves the violation of conservation princi- 
ples by deceit. The assumption underlying the procedure is that “natural” con- 
servers would show greater resistence to extinction than trained conservers. 
Brainerd & Allen (19) and Miller (148), in reviews of the literature, have found 
that, with the notable exception of Smedslund (199), “natural” and trained con- 
servers do not differ in resistence to extinction by countersuggestion. Thus, on the 
basis of present data, it appears that trained conservation principles are just as 
robust as “naturally” acquired principles. This finding may, however, be a func- 
tion of the methodology employed and, if pushed, trained conservation may 
indeed fall down. 

Finally, the Piagetian assumption that haptic recognition requires the con- 
struction of a visual image which incorporates the tactile information was tested 
by Gottesman (71). In his study congenitally blind and sighted children ranging 
in age from 2 through 8 years were subjects. All the children first explored objects 
by tactile means. Haif of the sighted groups then chose from four objects in a 
visual display attempting to select the object previously explored. The remainder 
of the sighted children and the blind children made the selection in the tactile 
mode. The results indicated that the blind children and the sighted children who 
were tested in the tactile mode did not differ in accuracy of selection. 

It is clear that adequate systematic inquiry into Piagetian formulations is still 
lacking. Variations in outcomes as a function of tasks, experience histories, in- 
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structions, etc abound. The acceptance of the Piagetian concept of stages, as 
Suppes (214) has recently pointed out, is essentially uncritical. Elegant discussions 
of epistemological and developmental issues such as those contained in the vol- 
ume edited by Mischel (151) may be somewhat premature given the rather uneven 
condition of the empirical base. 


CONCLUSIONS 


If sheer output is a measure of vigor, then developmental psychologists are 
certainly vigorous. In quality terms, however, there is need for upgrading. Prob- 
ably the best vehicle for accomplishing an overall qualitative improvement is the 
editorjal review. Many inadequately designec studies have been passed into the 
literature by editors. There can be no excuse for inflicting confounded investiga- 
tions or papers containing faulty statistical treatments upon readers; nor should 
editors hestitate to reject contributions because they are trivial even though tech- 
nical standards of design and statistical treatment are adequate. Although deci- 
sions about triviality may occassionally be arbitrary, those making them, the 
editors, are supposedly selected because they are recognized scholars and scien- 
tists whose judgments are thoughtful. The increasing use of “Notes” sections 
provides a partial solution to the trivia problem by providing a means of publish- 
ing minor extensions of previously established relationships and redundant 
reports. 

It ought to be incumbent upon authors to make clear the developmental impli- 
cations of their work. Unless developmental implications are made explicit, the 
value of a report for developmental theory 5 severely restricted, and the direc- 
tion of further work is likely to be confined to minor empirical extensions. 
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INTRODUCTION 


Many theories of behavior incorporate basic drives as conceptual counter- 
parts to physiological needs, where the specific need refers to a physiological 
imbalance or tissue deficit which if permitted to persist or accumulate would 
threaten the existence of the organism. Therefore, the rapid correction of such an 
imbalance or replenishment of the deficit is of vital importance to the welfare of 
the individual. Because of the vital importance of need states, physiological 
psychologists have found it convenient to use the concept of drive in the explana- 
tion of animal behavior. The strict behaviorist, on the other hand, has not found 
it necessary to introduce such concepts. 

Drives have also been considered innate capacities to organize sensory 
stimulation (107) and with appropriate rewards perform a selector function in the 
acquisition of instrumental responses (110). As most, if not all, basic drive states 
seem to be manifested by an increased readiness to respond and increased motor 
activity, it was easy for early theorists to assume frequently the existence of a 
common or generalized drive state (63, 77, 137) which provided the energy and 
sustained what was referred to as motivated behavior. The drive state from this 
point of view determined the pattern of appropriate responses which ultimately 
relieved the tissue deficit or reduced the physiological imbalance. In this context, 
an event was reinforcing if its occurrence reduced a drive state (97). Philosophi- 
cally, these notions have been appealing because they provide a simple scheme 
for assigning purposes to behavior and enable one to demonstrate easily the 
adaptiveness, self-determination, and survival value of so-called motivated be- 
havior. Not only have important facts been obscured by these teleological and 
vitalistic concepts, but the terminology has become imbedded in the scientific 
vernacular. 

Even from a theoretical point of view this type of thinking has not been very 
fruitful in providing new information. Earlier reviewers (80, 89) emphasized the 
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prematurity of theories in this field and indicated that more effort should be ex- 
pended in the collection of facts and an empirical elaboration of the underlying 
behavioral processes and physiological mechanisms and their integration in rela- 
tion to better defined problems. However, the tendency to think along these lines 
persists and the terminology continues to be confusing. In a recent review (22) the 
authors indicate that the term drive has protabiy been employed widely because 
it can be used loosely, and consequently the concept has disintegrated as a scien- 
tific construct. The problem was described eptly and precisely by O’Kelly (109, 
pp. 59-61) when he stated that “...a major difficulty with attempts to erect 
physiological theories of motivation is that they all have the aim of describing the 
physiological and anatomical basis of some group of psychological constructs, 
with little regard to the suitability of the corstructs for either the empirical facts 
of behavior or the biological ‘facts of life’. . °; and that as “a general assump- 
tion . . . a small number of theoretical constructs, mostly historical residuals of 
a variety of nonphysiological analyses, must define the problems for physiological 
explanation ...”; and that “there is not orly no attempt to break new ground 
theoretically, but these theorists have shown little disposition to abandon the 
old.” We agree with these prior reviewers and believe that the term drive has been 
bandied about to the point where it is not orly useless but is actually meaningless 
and confusing in the literature. We believe that the term serves no scientific pur- 
pose and should be abandoned. Alternate explanations for the data are possible 
which are more parsimonious and less fraught with the mentalism that has char- 
acterized the study of human behavior and kas been generalized to other animals. 
Consequently, no attempt will be made to preserve or to introduce the concepts 
of drive or motivation in the following discussion. 

As most of the consideration of this tcpic in the past has been devoted to 
ingestive behavior and spontaneous motor activity, it might be fruitful to examine 
consummatory behavior and motor activityin some detail with the hope of expli- 
cating the basis for the general interest in basic drives and motivation during the 
past 50 years. Because of the interactions be-ween ingestive behavior, temperature 
regulation, and motor activity, some consideration should be given to behavioral 
thermoregulation. A number of pertinent reviews which appeared from January 
1970 through December 1971 should be mentioned: Behavioral Regulation of 
Body Temperature, in Physiological and Beravioral Temperature Regulation (30); 
Reexamination of the Role of the Hypotkalamus in Motivation, Psychological 
Review (141); Conditioned Appetitive Drive States: Empirical Evidence and 
Theoretical Status, Psychological Bulletin 33); Motor Control Functions of the 
Lateral Hypothalamus and Adjunctive BeFavior, Physiology and Behavior (146); 
The Neural Control of Feeding, Annual Review of Physiology (70); Specific 
Hungers and Poison Avoidance as Adaptive Specializations of Learning, Psycho- 
logical Review (119); The Nature and Determinants of Adjunctive Behavior, 
Physiology and Behavior (48); and four chapters in the 1971 issue of Progress in 
Physiological Psychology—Physiology of Thirst: A Review of the Extra Neural 
Aspects of the Mechanisms of Drinking (59); Advances in Studies on the Physio- 
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logical Control and Regulation of Food Intake (84); Lateral Hypothalamic Syn- 
drome: Its Implications for the Physiological Psychology of Hunger and Thirst 
(46); and the Encephalization of Hunger (138). Because of these relevant compre- 
hensive reviews, we decided to emphasize some of the more theoretical aspects 
of regulatory processes and question the validity of ingestive behavior as an ade- 
quate measure of change in the physiological status of an organism. 


Tue ROLE or INGESTIVE BEHAVIOR IN PHYSIOLOGICAL REGULATION 


In addition to research on general motor activity, studies on ingestive or 
consummatory behavior have played a primary role in the historical development 
of psychophysiological theories of motivation. Ingestive behavior has received 
considerable attention because it seems to fit a homeostatic model of physiological 
imbalances and deficits so well. However, self-regulating models such as homeo- 
stasis can be misleading (35), and it is very important to determine which variables 
are regulated and to be able to specify the controls in terms of the actual processes. 

Ingestive behavior appears to be controlled by immediate and long-term 
factors. The duality of control was emphasized recently when it was pointed out 
that instantaneous eating had received a great deal of attention, whereas an ex- 
amination of food intake in terms of the adequacy of adjustment to energy 
output without making any assumption about the method of regulation had not 
been considered seriously (95). It is not safe to assume merely that regulation 
occurred, it must be evident from the data. Pertinent variables should not be 
overlooked because of some preconceived notions as to how the system should 
operate. For example, momentary energy requirements vary and depend, among 
other factors, upon level of activity, body weight and composition, body tempera- 
ture, lactation, and the ingestion of fluids and solid foods. Body temperature 
depends upon these factors and the ambient temperature as well, and the com- 
plexity of the system increases rapidly as different interactions between the vari- 
ables become significant. 

The important question once regulation is evident is what is being regulated 
at the moment. For example, because of increased motor activity body weight 
might be reduced and a new set point established with a resultant decrease in food 
intake (26, 27). Under these circumstances regulation is inferred from the careful 
observation of correlated changes between the values of these different variables, 
and determining the contingencies between them can be very difficult. As one 
author points out, food intake is not regulated but is controlled in a process of 
regulation (84). In this context eating by itself is of no special interest even though 
the ingestive behavior produced the food intake. Eating is important at the mo- 
ment for short-term regulation, but the long-term changes appear only in the 
values of food ingested per day over several months. Although the two sets of 
numbers are related, at any moment one might be a poor measure of the other. 
The most rudimentary measure of ingestion, amount consumed, might not only 
be an unreliable indicator of regulation but specious as well.-Falk (49) recently 
arrived at a similar conclusion regarding the measurement of ingestion and posed 
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the question, “What are we measuring when we measure ingestive behavior?” 

In general, man in our society and the sat in the laboratory colony are not 
suffering from any deficiency in sources of calories or fluids and therefore eat and 
drink mainly because ingestive behavior is zn integral part of daily activity pat- 
terns well ingrained within the organism ani controlled by a complex set of in- 
ternal and external environmental stimuli (52). Ingestive behavior in adult rats 
and man evidently develops early in life from reflexly induced sucking (138) and 
might be conditioned. Even prandial drinking in the weanling rat seems to be 
acquired through practice (78). Is ingestive behavior already conditioned in the 
adult? If eating and drinking are uncondi-ioned responses evoked by various 
appropriate enteroceptive unconditioned s-imuli, why are they difficult if not 
impossible to condition? In a recent review If studies on “conditioned appetitive 
drive states” the authors point out that eating and drinking have not been very 
sensitive or reliable measures of level of deprivation, and it is not clear if the ex- 
perimental animals demonstrated adequate discrimination of the external cues 
or“... differences in the intensity of their internal drive state . . .” and therefore 
a reliable demonstration of“... . conditioned hunger or thirst . . .” has not been 
produced (33, p. 217). Three reports have appeared recently (124, 125, 147) which 
indicate that drinking induced by administration of hypertonic saline might be 
conditioned to a complex stimulus and that the so-called conditioned drinking 
under these conditions is very resistant to extinction. It is interesting to note that 
after bilateral lateral hypothalamic lesions, presentation of the complex condi- 
tioned stimulus still elicited the conditioned drinking, but the unconditioned 
stimulus, the enteroceptive effects of the Lypertonic saline injection, no longer 
elicited drinking (147). There is some recert evidence which indicates that hypo- 
thalamic neuron electrical activity sensitive to changes in blood glucose can also 
be conditioned to acoustical stimulation 81). The role of conditioning in the 
development of the controls of ingestive behavior is undoubtedly complex, and 
many more factors such as insulin release :n conditioned hypoglycemia (73, 130) 
will have to be studied in greater detail before the extent of its involvement can be 
determined. 

Another interesting phenomenon which casts some doubt on the adequacy 
of ingestive behavior in the physiological regulation of energy balance is anorexia 
during refeeding after starvation (66); this anorexia can be intensified by volun- 
tary wheel-running activity (155) and actually lead to death (135). Obviously the 
ingestion of food and imbibition of water are essential in the long-term replenish- 
ment of physiological deficits, even if they are inadequate at the moment. In ad- 
dition, the large safety factor which usually permits a wide margin of error can be 
reduced drastically by relatively short-term increased energy demands, and then 
the system fails to protect the individual adequately. Consequently, the specificity 
of ingestive behavior and consumption data must be examined very carefully in 
terms of relevance to other physiological and behavioral variables, and appro- 
priate tests must be incorporated into the design of future experiments to sub- 
stantiate the validity as well as the reliability of the measures. 
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Incestive BEHAVIOR, THE LATERAL HYPOTHALAMUS, AND THE 
RETICULAR FORMATION 


Motor capacity or response repertoire is limited, and certain activities have a 
high probability of occurrence for a specific environment. For example, grooming 
is a common self-directed activity in the rat and accounts for 40% of its home cage 
behavior (17). Self-directed activity and wheel running are generally referred to as 
spontaneous activity and indicate changes in the level of excitability in the motor 
system. Such an explanation for spontaneous motor activity has been widely 
accepted (21), but the fact that a similar mechanism might be involved in inges- 
tive behavior requires further elucidation. Some recent observations on behavior 
elicited during electrical stimulation of the lateral hypothalamus (LH) and 
schedule-induced behavior (146) indicate that the same or similar neural mecha- 
nisms might be involved in the development of stimulus control for ingestive be- 
havior from an ongoing pattern of general motor activity. In other terms, how 
does ingestive behavior emerge from the ongoing motor behavior when a de- 
prived animal is in the presence of food or water and how is the behavior sus- 
tained? Another important question concerns the lateral hypothalamus. Why is 
it intimately involved in the control of both ingestive behavior and motor activ- 
ity ? The answers to both questions seem to be related. 

During the process of deprivation, ingestive behavior occurs when the internal 
effects make it possible for environmental stimuli to initiate chewing, licking, and 
other movements in the presence of objects that have been bitten, licked, and con- 
sumed in the past. The internal changes undoubtedly decrease the threshold, in- 
crease the excitability of motor pathways, and movements begin to occur. With 
ingestive behavior a considerable amount of interaction takes place between the 
motor movements and sensory stimulation arising from the muscle movements 
themselves and the substances handled, bitten, and consumed. These physiologi- 
cal processes once initiated seem to be sustained by the oropharyngeal sensory 
feedback and other ingestional stimulation. 

The same type of process appears to occur more rapidly in a similar environ- 
mental situation during LH electrical stimulation in the sated rat (141, 151). The 
initial discrete movements, tail chasing, and preening begin to diminish in fre- 
quency, and those activities with oropharyngeal and gastric sensory feedback 
such as carrying objects with the mouth, chewing and ingestion of food, licking 
and imbibition of water, increase in occurrence and continue for longer periods 
during the stimulation. Another interesting feature of such stimulation is that the 
behavior can be switched by changing the environmental stimuli without altering 
the pattern or intensity of the stimulation through the electrodes (141). The 
elicitation of behavior under these conditions and switching can be facilitated or 
inhibited by the manipulation of oropharyngeal sensory feedback. For example, 
the elicitation of drinking can be enhanced by the addition of saccharin or in- 
hibited by quinine hydrochloride (151). Electrical stimulation of the LH un- 
doubtedlyZproduces some effects very similar to normal enteroceptive stimuli in- 
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volved in the elicitation of ingestive behavior. However, it does not by itself evoke 
eating, drinking, or any other behavior. It does seem to increase the probability 
that any response will occur to any above threshold stimulus (146). In other 
words, the probabilities that movements will occur in the presence of the ap- 
propriate environmental stimuli are increased during LH stimulation. The effect 
of LH stimulation seems to be nonspecific and refers only to the behavior elicited 
during the.electrical stimulation of the LH and not to a specific neural effect 
which might be produced. 

Similar mechanisms might be involved in the development of ingestive be- 
havior following food or water deprivation. Such changes can be overlooked 
very easily under these conditions but are obvious to the experimenter who care- 
fully observes the animal during LH eleccrical stimulation in the presence of 
water and food. Initial amounts consumed on a mild deprivation regime are 
usually small and probably insignificant in terms of fluid regulation. Several days 
on such a schedule are required before amo ints ingested increase sufficiently, and 
several weeks can elapse before consumption and body weight stabilize at what 
appear to be physiologically adequate level-. Under the same conditions rats will 
drink copious amounts of fluid during the first several days if the water is flavored 
with saccharin (unpublished personal observations). 

A similar phenomenon occurs in man end has been referred to as voluntary 
dehydration (2). In man the dehydration >an also be corrected by making the 
water more palatable by cooling it and adding artificial citric flavoring (147). 
Peripheral stimulation associated with ingstive behavior is relatively powerful 
in the control of eating and drinking in the zegulation of body fluids and metabo- 
lism (83, 106). However, enteroceptive stzmuli seem to be ineffective and are 
apparently unknown to most people in terms of verbal association. Wolf has 
documented the “elusiveness of thirst as a sensation in man” (153). 

The difficulties with measures of ingestive behavior as quantitative indicators 
of change in physiological conditions might be attributable to some neural pecu- 
liarities of the lateral hypothalamus and i:s relations to the reticular formation 
motor control systems. At present it is not possible to determine if internal stimu- 
lation alone is a sufficient condition to procuce eating and drinking, nor is it clear 
as to whether or not eating or drinking w.li occur for a given set of conditions. 
The lack of behavioral specificity might be Jue to a high degree of convergence of 
cells of the lateral preoptic-lateral hypothalamic medial forebrain region upon 
mesencephalic and brain stem motor contzol systems. 

The lateral preoptic-lateral hypothalamic medial forebrain bundle region of 
the hypothalamus, which must play a prominent role in the interaction between 
ingestive behavior and motor activity, is characterized by the long medial fore- 
brain bundle fibers and a series of neuroral loops interconnecting the extensive 
dendrites of the path neurons. Rostral pach neurons receive a unique contribu- 
tion from the medial preoptic and anterior hypothalamic nuclei, whereas pro- 
gressively caudal path neurons receive their primary supply from the ventro- 
medial and premamillary nuclei (99, 100). In general, the lateral preoptic-lateral 
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hypothalamic region has a common afferent source from the medial forebrain 
longitudinal fiber system with considerable additional input to the rostral portion 
from the amygdala, piriform cortex and olfactory tubercle, and a large afferent 
supply to the caudal regions from the ascending reticular formation. Although 
there appear to be reciprocal connections from the lateral preoptic area to the 
septal nuclei, olfactory tubercle, anterior olfactory nucleus and amygdala, the 
major efflux of fibers from path neurons and other medial forebrain sources 
seems to be into the mesencephalic tegmentum where they make extensive con- 
tacts with reticular neurons and form a structural intermediary connecting fore- 
brain-hypothalamic regions with autonomic and somatic motor systems in the 
lower brain stem and spinal cord (99, 100). 

Recent studies utilizing histochemical fluorescence (139) and selective lesions 
produced by intracerebral injection of 6-hydroxydopamine (140) reveal that the 
dopaminergic nigro-striatal pathway which ascends in the lateral hypothalamus 
is involved in ingestive behavior and the control of motor system excitability and 
activity. The exact role of the corpus striatum is not clear, but it apparently in- 
hibits diencephalic excitatory mechanisms related to eating and motor activity 
and if partially destroyed produces hyperactivity. Ungerstedt (140, p. 116) was 
forced to conclude that “. . . the role of the striatum is in all probability not one 
of regulating eating and drinking specifically. When considering the curious 
hypokinesia, lack of exploratory behavior and difficulty to initiate activity that 
occurs after selective lesions of the nigro-striatal DA [dopaminergic] system, it is 
more probable that the DA system and the striatum control a general arousal . . . 
that is necessary for performing a number of activities, where eating and drinking 
deficits are noticed only because they are easily measured by the observer and 
disastrous to the animal.” Additional pathways in both the lateral hypothalamus 
and ventral tegmentum must be involved in motor control functions because 
selective destruction of the nigro-striatal axons in these two structures does not 
result in the catalepsia and somnolence observed following electrolytic lesions in 
these same regions (140). 

The caudal hypothalamus, ventral tegmentum, and mesencephalic reticular 
formation have been implicated in eating and drinking, coordination of move- 
ments, motor activity, and sleep (16, 28, 57, 91). However, in most of these 
studies no attempt was made to determine if the effects were specific to ingestive 
behavior or resulted from a general hypokinesia and catalepsia. In one study 
where the effects of the lesions were assessed both in terms of eating and drinking 
and specific motor tasks, a clear dissociation of aphagia and hypokinesia appeared 
which was related to neuroanatomical locus (11). Although all the experimental 
animals were less active than controls, hypokinesia was most pronounced in 
those animals with posterolateral LH lesions that apparently destroyed the 
nigro-striatal dopamine system; whereas lesions in the anterolateral region of the 
LH which produced the most severe aphagia had the least effect on motor activity. 
Although there was considerable overlap between the lesions, results suggest a 
partial separation of two systems with different functions. 
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Osmosensitive cells of the lateral preop-ic region (14) and osmo- and gluco- 
sensitive lateral hypothalamic neurons (114, 148) involved in eating and drinking 
apparently converge in the rostral LH. Tkerefore, electrical stimulation of the 
LH might provide nonspecific partial stimulation of this motor control system 
which includes the caudal läteral-hypotha amus, ventral tegmentum, mesence- 
phalic and brain stem reticular formation. For example, thermosensitive cells of 
the preoptic area excite cells of the lower »eticular formation which control the 
activity in gamma efferents and indirectly the excitability of the reflex pathways in 
which those afferents from the muscle spincles participate (144). Both synergistic 
inhibitory and facilitatory influences are enhanced and the reciprocal and co- 
ordinated nature of reflex activity and movements is preserved. Direct connec- 
tions with spinal motoneurons might provide the basis for the initiation of rapid 
reflex activity and movements (74, 128). 

Apparently these cells whose activity depends upon variations in blood 
temperature and composition above or be-ow some preadapted range converge 
in the crucial middle portion of LH onto the anterior path cells of the caudal 
region which also receive a rich supply of afferents from the ascending reticular 
formation. The entire extent of the lateral Lypothalamic region appears to receive 
considerable excitation from taste, oropkaryngeal and gastric, tactile, visual, 
auditory, olfactory, and muscle receptors (19, 45, 76, 105, 108, 154), Conse- 
quently, the motor control functions of LE can be modulated easily by a variety 
of peripheral stimuli but primarily those from the tongue and mouth. The LH 
appears to be intimately involved in a brain stem motor control system (149) 
which determines the normal level of spinel reflex excitability and motor activity 
(56, 96). The mechanism by which these effects are carried out involves the supra- 
spinal control of the alpha motoneuron end the dynamic and static fusimotor 
systems (74, 128). Electrical stimulation cf the central and posterior regions of 
LH produces a nonspecific enhancement of spinal reflex excitability (44) which 
seems related to the posterior hypothalamus induced nonreciprocal fusimotor 
effects on hind leg muscle spindles (129). It is interesting that electrical stimulation 
of the basolateral amygdaloid nucleus, wh:ch inhibits some cells of the LH (113), 
results in the production of lumbar ventral root reflex discharges (44). Electrical 
stimulation medial to the fornix also produces ventral root reflex discharges. 
Both the vestibulospinal and rubrospinal descending fiber systems have mono- 
synaptic excitatory connections on spinal motoneurons (128). A very high fre- 
quency of discharge of lumbar motoneurcns occurs when the hypothalamus and 
red nucleus are tetanized (128). The effect.is greater with extensor motoneurons. 
Such a neural mechanism might be descroyed in the prerubral syndrome of 
aphagia and adipsia reported recently (154) and this would explain the inability 
to execute ingestive behavior. 

Although it appears that fibers all along the motor path from the cerebral 
cortex contribute to the gamma fusimotor system, the greatest concentration and 
most profuse connections occur in the collecting network of the reticular forma- 
tion from the diencephalon down to the spinal cord. The effects become less 
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diffuse and more specific from the diencephalon into the lower brain stem where 
reciprocal reflex activity organized at the level of the spinal cord can be elicited 
(43). Powerful excitatory as well as inhibitory effects on motor performance can 
be obtained from electrical stimulation of the reticular formation, and it is 
reasonable to assume that such activity occurs normally in the healthy animal. 
Therefore, it is not surprising to discover that lesions in midbrain structures pro- 
duce classical LH deficits (16, 91). In addition, the evidence that an “. . . ascend- 
ing reticular formation pathway which follows a course ventrolateral to the peri- 
aqueductal gray matter in the midbrain and subsequently descends into the region 
of the zona incerta and fields of Forel at caudal hypothalamic levels” is also 
necessary for normal ingestive behavior is very important (16, p. 593). The fact 
that the LH is essential for normal motor activity, which depends upon somato- 
sensory as well as enteroceptive and exteroceptive stimulation, as mentioned 
previously, has only been appreciated recently (93). In addition, LH electrical 
stimulation has a perplexing effect on tactile stimulation in the snout and mouth 
region which not only lowers the threshold for biting but increases the size of the 
responsive area (92, 132). Therefore, an appropriate afferent input at least into 
the caudal portion of the LH seems to be necessary for normal functions. 

To speculate briefly, the lateral hypothalamus might be unique because it is 
the confluence of several motor control systems and the convergence of rostral 
thermosensitive, osmosensitive, and glucosensitive cells on these or parallel 
motor systems which pass into the mescencephalic and brain stem reticular forma- 
tion. Consequently, as the ascending reticular formation sends a profuse supply of 
afferents into the caudal region of the lateral hypothalamus, a possibility for 
positive feedback exists for those enteroceptive inputs at this level into the 
reticular motor control system. Therefore, an increase in enteroceptive stimula- 
tion will produce a nonspecific increase in the excitability of the diencephalic and 
mesencephalic motor control systems with activation of specific reciprocal brain 
stem effects on spinal reflexes. Motor activity will be elicited both by environ- 
mental exteroceptive stimulation and proprioceptive stimuli arising from the 
muscle movements themselves. Under these conditions those movements which 
result in an increase in positive sensory feedback will be sustained. It is also in- 
teresting that some types of stimulation seem to be prepotent. Cutaneous nerves 
are more effective than muscle nerves in increasing fusimotor discharge, and 
sensory input from the tongue and mouth appears to be more widely distributed 
throughout the LH and very efficient in sustaining certain aspects of ingestion 
such as licking. 

Because of our present research interests we have emphasized some of the 
difficulties encountered in the use of behavioral measures to study regulatory 
processes and the role of the lateral preoptic and lateral hypothalamic region in 
the control of motor activity and ingestive behavior. The remainder of the 
article will examine behavioral thermoregulation and some aspects of the control 
of ingestive behavior not covered by the other recent reviews. 
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BEHAVIORAL THERMOREGULATION 


Although physiological thermoregulatory responses to heat and cold have 
been studied intensively for many years, the investigation of behavioral contribu- 
tions to thermoregulation in homeotherms Fave only recently received significant 
attention. Undoubtedly, the demonstration of the facility with which rats per- 
form an operant response to maintain ambient thermal neutrality has been a 
major impetus in developing interest in the area of behavioral thermoregulation 
(150). The recent handbook on behavioral zegulation of temperature attests to a 
rapidly growing literature in this field (6%. While it is recognized that a rich 
comparative literature has been developed concerning behavioral thermoregula- 
tion in poikilotherms, the focus here will be on homeothermic species, primarily 
the rat and monkey. These species were selected because for both the thermal 
stimulus has been precisely specified and nevral mechanisms have been considered. 

Briefly, the basic paradigm in behavioral thermoregulatory studies incor- 
porates placing an animal in an environment with the temperature displaced from 
the neutral level for that animal and then reinforcing an operant response with 
a brief change in temperature in the direction of neutrality. As is well recognized, 
behavioral studies in this area offer unique opportunities in that the antecedents 
and consequences of behavior can be specified simply in terms of temperature, 
although precise control of a thermal stimulus is difficult. Recent developments, 
however, have gone a long way in coping with the technical difficulties inherent in 
accurate control of the stimulus (94). By using a forced-air convection system, it 
is possible to change temperature rapidly and precisely and to approximate 
square waves of varying duration and amplitude. With this method, response 
rate for thermal reinforcement was shown to increase sharply as a function of the 
magnitude of the displacement of ambient temperature from neutrality. In 
addition, increases in duration and magni:ude of the thermal reinforcement de- 
creased response rate but only if the thermal reinforcement was on the opposite 
side of neutrality from the ambient temperature. 

Manipulation of hypothalamic temperature has also been employed in a 
number of studies and results are generally consistent and straightforward. If 
hypothalamic temperature is displaced frcm neutrality, animals will work for a 
change in skin temperature at the opposite side of neutrality. Conversely, if skin 
temperature is displaced from neutralitr, animals will work for changes in 
hypothalamic temperature at the opposite side of neutrality. However, one study 
illustrates some limitations with this simple scheme by showing that when 
hypothalamic cooling but not heating is prolonged, behavioral thermoregulatory 
responding for changes in skin temperature no longer occur (1). Also, hypo- 
thalamic and skin temperature interactions were studied utilizing a water- 
perfused thermode in the hypothalamus im conjunction with a forced-air convec- 
tion system. This arrangement permitted the temperature of brain and skin to be 
controlled and measured precisely and simultaneously. Results with this sophisti- 
cated experimental technique support an edditive linear model for the interaction 
of skin and hypothalamic temperatures in the control of behavioral thermo- 
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regulation (31). Significantly, more weight is given to skin versus hypothalamic 
temperature in the control of behavioral thermoregulation. Therefore, thermal 
displacements at the skin initiate behaviors which result in escape from ambient 
temperatures that would otherwise trigger physiological responses with high 
energy costs. 

The effects of hypothalamic lesions on behavioral thermoregulation have 
been studied (121, 122). It was found that preoptic-anterior hypothalamic area 
lesions which impair physiological responses to cold or heat stress did not impair 
behavioral thermoregulation (121). Briefly, these brain-damaged rats did main- 
tain body temperature in the cold by bar-pressing for heat. In another study, 
however, it was found that bilateral destruction of the classical lateral hypo- 
thalamic feeding area abolished behavioral thermoregulation against the cold 
(122). It is interesting that the brain-damaged rats were not impaired in their 
physiological response against the cold. Recovery of behavioral thermoregula- 
tion in these animals eventually occurred, approximately 40 days postoperative, 
but was not correlated with recovery from the typical aphagia and adipsia pro- 
duced by the hypothalamic lesions. Therefore the deficit in behavioral thermo- 
regulation must be added to the list of behavioral disturbances associated with 
destruction of the lateral hypothalamic area. It is also worth noting in this con- 
text that species differences might be important in the neural mechanisms con- 
trolling thermoregulation. Extensive preoptic-anterior hypothalamic lesions in 
the bat did not significantly impair physiological thermoregulatory responses to 
heat and cold (79). 

In addition to the behavioral contributions to thermoregulation, the be- 
havioral effects of ambient temperature on food and water intake have been 
studied. It has been reported that operant performance of rats on a fixed ratio 
schedule of food or water reinforcement was reduced as ambient temperature was 
increased from 25°C up to 30°C (12). In satiated rats, however, a graded increased 
water intake occurs, within the first 60 minutes of a 300-minute exposure, as a 
function of ambient temperature of 22°C up to 40°C (60). The observed thermo- 
genic drinking was small and generally less than 1 cc in 60 minutes. Also, the 
temperature of the water was unspecified. Increased ambient temperature has 
been shown to affect gastric secretion and food intake in the rat (152). Both food 
intake and gastric secretion were found to vary inversely with ambient temper- 
ature. In view of these inhibitory effects of elevated ambient temperature on 
food intake, it is surprising to find that direct heating of the preoptic-anterior 
hypothalamic area increased food intake but decreased water intake (67). Since 
it was noted that hypothalamic heating decreased core temperature, it appears 
likely that the decreased core temperature activated ingestive behavior ap- 
priate for defense against a decreased core temperature. 


WATER DRINKING 


A substantial number of recent studies in the area of water deprivation were 
concerned with specifying the contributions of increased plasma osmolality and 
decreased plasma volume to drinking. Much of this work can be found in a 
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recent review (50). However, two studies (4, 5) which raise serious questions 
concerning the procedures used to manipulate blood volume independent of 
osmolality will be mentioned. Two standard procedures were employed in these 
experiments to decrease plasma volume—h=morrhage, and hyperoncotic colloid 
dialysis. In place of the usual measures of plasma osmolality and volume ob- 
tained at some fixed, relatively long period after administration of one of these 
two treatments, determinations were made et the time drinking was initiated. The 
initiation of drinking following hemorrhage was accompanied by an increase in 
plasma osmolality. On the other hand, "be initiation of drinking following 
hyperoncotic colloid dialysis was associated with an increased plasma volume 
but osmolality did not change. It was suggested that this hypervolemia might be 
attributed to an increased oncotic pressure which increased plasma volume by 
withdrawing water from cells. Therefore, these two studies indicate that cellular 
dehydration rather than hypovolemia might be the critical stimulus for initiating 
drinking behavior following physiological manipulations designed to produce 
hypovolemic drinking. 

Angiotensin, an octapeptide derived from renin, is a potent aviolar con- 
strictor which has attracted considerable attention as a possible dipsogenic 
hormone (47). Angiotensin injected direc-ly into the preoptic area of the rat 
evokes rapid and substantial drinking. From a large number of injections in 
different rats, it was calculated that the threshold for the angiotensin drinking 
response was approximately 5 ng. However, the effects of the injections below 
100 ng were quite variable. In a closely releted study using the same intracerebral 
injection technique, renin was found to eficit drinking with a slower onset but 
longer duration than angiotensin (51). Injections of kallikrein, bradykinin, 
vasopressin, oxytocin, or adenosine 3’,5’cyzlic phosphate did not affect drinking. 
Phentolamine, an alpha adrenergic antagonist, blocked intraventricular angio- 
tensin elicited drinking and pressor responses without obvious sedation or 
motoric disturbances (127). Beta adrenerzic blockers, it is important to note, 
were without effect. Consistent with elicitat.on of drinking, intracarotid and intra- 
ventricular infusions of angiotensin were found to evoke a release of antidiuretic 
hormone (ADH) (18, 34, 101, 126). 

Significantly, intracarotid infusions of angiotensin were more effective in 
evoking ADH release than equivalent -ntravenous infusions although both 
routes of infusion had equivalent effects on blood pressure. In addition, intra- 
ventricular infusions of as little as 0.3 ng angiotensin evoked ADH release. It is 
worth noting that this dose of angiotensin is well below the threshold and the 
amount required to evoke drinking from the preoptic area. Both drinking and 
antidiuresis followed intraventricular infssions of angiotensin in the goat (6). 
Also, intraventricular infusions of angio-ensin and NaCl acted synergistically 
to enhance drinking. It was suggested thet the interactive effects of angiotensin 
and NaCl were due to angiotensin accelerating the intracellular uptake of sodium. 

Although it appears that intracerebral injections of angiotensin are dipsogenic, 
the role of angiotensin in drinking exhibited by the intact animal has not been 
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established. An apparent stumbling block in the consideration of the renin- 
angiotensin system directly in brain-mediated drinking and water conservation is 
the problem of blood-brain barrier penetration by these peptides. In an attempt 
to answer this question, labeled angiotensin II was systemically administered 
to mice (143). Although high doses resulted in the appearance of labeled angio- 
tensin in cerebral spinal fluid and the lining of the third ventricle, it is possible 
that the effect can be attributed to a vascular breakdown. In the dog brain, 
however, renin and an angiotensin forming enzyme was detected 12 days after 
nephrectomy which suggests that the brain might produce angiotensin (54, 55). 
Even if the brain produces angiotensin, its storage and release in response to 
some form of dehydration is far from a resolved issue. 

As is well known, bilateral destruction of the lateral hypothalamus results in 
an animal which never drinks water in response to cellular dehydration. Recently, 
it was reported (14) that bilateral lesions of the preoptic area sharply attenuate an 
animal’s intake of water in response to hyperoncotic colloid dialysis but has no 
effect on the animal’s intake of water in response to a hypertonic injection of 
sodium chloride. These results suggest a neuroanatomical separation of brain 
areas which mediate drinking in response to hypovolemia versus cellular dehy- 
dration. Brain injuries which result in a hyperdipsia have also been studied. The 
septal forebrain area has been a region of particular interest since there is some 
evidence that the hyperdipsia which follows septal destruction is not secondary 
to an impairment in water retention mechanisms (90). Rats with septal lesions are 
hyperdipsic in response to hyperoncotic colloidal dialysis but not to hyper- 
osmotic injections of sodium chloride (15). Furthermore, hyperdipsic rats with 
septal lesions have a decreased brain content of acetylcholine (134). These results 
indicate that the septum has a cholinergic inhibitory influence on hypovolemic 
drinking. A number of other studies have been conducted on the effects of septal 
lesions on intakes of fluids flavored with saccharin or quinine (23, 41). In general 
these studies found that rats with septal lesions appear to exhibit drinking of 
fluids which is similar to the finicky ingestion of food by rats with lesions of the 
ventromedial hypothalamus (VMH). Therefore, the septum might be the counter- 
part of the VMH for drinking behavior. 


Foop INGESTION 


Blood glucose levels and utilization rates continue to be studied as physio- 
logical signals evoking food intake. A nonmetabolized glucose analog, 2-deoxy- 
D-glucose (2DG) has been utilized as a tool in several of these studies since it 
decreases cellular availability of glucose without lowering plasma glucose levels. 
Although the glucose “privation” effect of 2DG has been previously shown by 
several investigators to induce eating, in a recent study the amount ingested fol- 
lowing systemic administration of 2DG was found to be dependent on the ani- 
mal’s deprivation state (71). The effects of 2DG on two feeding patterns were 
studied in rabbits. If rabbits were fed once daily for 6 hours, subcutaneous injec- 
tions of 2DG did not reliably affect food intake. When feeding was on an ad 
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libitum basis, however, 2DG injections increased food intake (up to 1.9 times) 
during a 6-hour feeding period. Apparent:y, 2DG is effective only in satiated 
rabbits. Also, since there is some evidence that glucose sensitive cells might exist 
in the lateral hypothalamus (114), the effects of injecting 2DG directly into LH 
via chronically implanted cannula have been studied. Intracerebral application 
of 2DG produced a small but statistically reliable increase in food intake (10). 
With intracerebral administration of 2DG however, increased eating was ob- 
served under conditions of food deprivation as well as satiety. Also, 2DG in- 
jected into LH evoked a prompt and sustained secretion of acid by the stomach 
at a rate comparable to that produced by insulin hypoglycemia (25). Systemic 
injections of 2DG did not produce eating in recovered lateral hypothalamic 
lesioned rats in doses which elicited feeding in intact rats (148). While these 
recent findings generally supported the idea of a glucostatic monitoring mech- 
anism for regulating food intake located in the hypothalamus, the relatively small 
amount of eating observed in response to such severe glucose privation neces- 
sitates that the effects of 2DG be interpretei with considerable caution. 

Gold thioglucose is another glucose analog which has been of considerable 
interest because of its selective toxic effects on cells of the ventromedial hypo- 
thalamus of mice. The site of action of gold thioglucose within the VMH has 
been studied (37, 38). It was observed that a distinct uptake of gold thioglucose 
occurred first in the oligodendroglial cells and they degenerated within 6 hours. 
Twenty-four hours later the neuropil of ths VMH also degenerated. Therefore, 
the damaging effects of gold thioglucose or the VMH are a consequence of glial 
cell destruction rather than a direct actior on nerve cells. Manipulations with 
gold thioglucose were also studied in diebetic mice which are not normally 
affected by gold thioglucose (36). Application of insulin to the VMH of diabetic 
mice made the VMH sensitive to the destructive action of systemically injected 
gold thioglucose. This result is important because it suggests that the VMH is 
sensitive to insulin and supports a glucosta-ic interpretation of feeding. 

Although the effects of glucose analogs provide some support for a gluco- 
static control of food intake, more direct evidence is required. The effects of 
glucose on hypothalamic unit activity weze studied in the medial and lateral 
areas of deafferented cats (24). Unit activity was found to increase in the medial 
hypothalamus after intravenous injections of glucose and to decrease after 
similar injections of insulin. The results obtained for the lateral hypothalamus 
were inversely related. Unfortunately, metabolic studies do not provide such 
convincing support for a glucostatic control of eating. For example, the level 
of blood glucose availability was not fourd to be closely correlated with food 
consumption in the normal feeding patterns of rats (84, 85). In the 24-hour eating 
pattern of rats, a 12-hour hyperphagic-lipogenesis cycle in the dark, and a 12- 
hour bypophagic-lypolytic cycle in the light was observed. Significantly, low 
glucose availability was found during the lyDolytic and hypophagic cycle; a result 
which does not support a glucostatic control of eating. Furthermore, in monkeys 
it has been found that high levels of glucose and glucose utilization are not suffi- 
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ciently strong satiety factors to reduce food intake when the monkeys are fed on 
a single daily meal regimen (8). However, it was also noted that gastrointestinal 
glucose levels had potent satiety effects when associated with oral feeding so the 
site of glucose entry might be an important signal for the satiety system. Oral 
factors alone have also been considered significant satiety signals (84). Inhumans, 
changes in affective judgment of gustatory and olfactory stimuli occur when 
fasting subjects are satiated by injections of glucose (20). Sweet substances which 
are judged as highly pleasant under fasting conditions are judged as unpalatable 
under conditions of satiety. However, when rats were fed intragastrically accord- 
ing to their normal meal pattern, additional daily oral intake was very slight 
(118). Therefore, while oral signals are very important, they do not appear to be 
necessary for satiety, at least in the rat. 

Serum osmolality is another important factor in controlling food intake. It is 
well known that food intake is decreased in water-deprived rats. In an attempt to 
assess tbe significance of plasma osmolality changes associated with decreased 
food intake, the osmolality of a solution water-deprived rats drank immediately 
prior to eating was varied. As expected, the latency to eat increased as the 
osmolality of the solution increased (75), and plasma osmolality increased as the 
osmolality of the solution increased. Similarly, it was found that bar-pressing 
response rates of water-deprived rats for food on continuous reinforcement 
(CRF) and variable reinforcement (VI) were an increasing function of the amount 
of water drunk before testing (0-15 ml) and a decreasing function of the concen- 
tration of sodium chloride (NaCl) solutions drunk (.075—.3 M) (142). Bar- 
pressing rates on the VI schedule which generated relatively few food reinforce- 
ments were highly correlated with the amount of water and concentration of the 
saline solutions ingested prior to testing. The latter result is significant because it 
demonstrates that effects of osmolality are not limited simply to ingestion itself. 
Under ad libitum conditions, however, varying the osmolality of solutions has 
little effect on food intake. The effects of equiosmotic intubations twice daily of 
45% glucose and 8.1% NaCl at 2% of body weight on 24-hr food intake of rats 
have been reported (156). Glucose markedly decreased food intake and induced a 
slight increase of serum osmolality, whereas NaCl had only a slight effect on food 
intake despite inducing large increases in serum osmolality. The ad libitum food 
intake of rats remained constant when given noncaloric saccharin or saline 
solutions to drink (72). Although these solutions differed markedly in terms of 
osmolality and taste, there were no effects on eating. 


THE LATERAL HYPOTHALAMIC SYNDROME 


The devasting effects of bilateral lesions in the lateral hypothalamus (LH) on 
ingestive behavior has continued to be a subject of considerable interest. It is 
not surprising that the simple conception that lesions in this area destroy an 
“eating” center has been challenged. A relatively new notion is that bilateral LH 
destruction lowers an animal’s body weight set point (117). From this point of 
view, the anorexia evident following the LH lesions is not simply a loss of readi- 
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ness to eat but occurs because the preoperative body weight is well above the 
new lower postoperative body weight set pcint. In support of a set point inter- 
pretation, it has been reported that rats starved preoperatively to below their 
expected postoperative body weight set poin- and then subjected to bilateral LH 
lesions eat immediately postoperatively and ncrease body weight to a somewhat 
higher level which is then maintained. Once a new body weight level is achieved 
postoperatively by LH lesioned rats, it is precisely defended. While this set point 
interpretation does not offer a comprehensive explanation of all facts of the LH 
syndrome, it has suggested several interesting experiments and might prove to 
account satisfactorily for a part of the LH syndrome. 

Also, an ontogenetic explanation of tte LH syndrome has been offered 
recently which is based on observations of the development of feeding in thyroid 
deficient rat pups. The slowdown in the ra.e of development produced by the 
thyroid deficiency revealed that these rats go through the same stages of eating 
behavior as had been previously observed in adult rats subjected to bilateral LH 
lesions (138). Normal rat pups presumably go through these same stages of de- 
velopment but the rate is so fast that it is difficult to observe. However, it is in- 
teresting that normal rat pups in making tke transition from maternal milk to 
dry food and water go through a prolonged period of prandial drinking before 
the typical adult eating and drinking pattern is acquired (78). Therefore, the fact 
that the adult LH lesioned rat never progsesses beyond the stage of prandial 
drinking appears understandable in view of the difficulty the normal rat has in 
progressing through the prandial drinking stage of eating behavior. However, 
since partial recovery of eating in LH rats can occur without postoperative ex- 
perience with food ingestion, provided that the animal had preoperative expe- 
rience with the particular food, the result is difficult to reconcile with an onto- 
genetic point of view (40). While the ontogenetic concept is provocative, it will 
require considerable skill to unravel maturational and tissue repair variables 
from learning processes in understanding onzogenetic development and recovery 
of function. 

Although eating has been the primary odject of study in animals sustaining 
LH ablations, recent studies have broadened the behavioral basis of the distur- 
bances produced by LH lesions. First, LH camage in the rat is accompanied by 
a severe impairment of escape and avoidanze behavior (9, 112). Since pair-fed 
controls were unaffected in one of these studés, general debilitation is an unlikely 
explanation of the deficit (9). Also, severe impairments in avoidance behavior 
occur in rats with parasaggital knife cuts through the medial border of the 
lateral hypothalamus, a result which cannot be attributed to brain injury per se 
since improved avoidance behavior was fourd if the knife cuts were made lateral 
to LH and involved the internal capsule (64. Furthermore, rats with LH lesions 
also suffer from impaired behavioral thermoregulation (122). Dogs subjected to 
LH lesions exhibited a marked change in temperment in addition to the expected 
anorexia (120). Lively, energetic, social dogs became apathetic, indifferent, and 
asocial following LH lesions. 
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In contrast to these reports of impaired performance following LH lesions, 
LH recovered rats were found to eat sooner in a novel environment and learned a 
food reinforced discrimination task faster than controls (39). No plausible ex- 
planation has been offered for this apparent inconsistency. Two possible sig- 
nificant factors are the lengths of the postoperative recovery period and type of 
reinforcement. It should also be pointed out that the LH rats were at 70 percent 
of their preoperative body weight when placed on the food deprivation regimen. 
Whatever the critical difference might be between these studies, the important 
point is that recovered LH lesioned rats can respond and learn with food used for 
reinforcement as efficiently as intact animals. 

Most of the literature concerned with the effects of LH injury is based upon 
the use of bilateral electrolytic lesions. In the past 2 years several different 
surgical procedures have been utilized. The effects of unilateral electrolytic LH 
lesions have been investigated thoroughly. A brief aphagia and adipsia followed 
by a hypophagia and hypodipsia can persist for at least 30 days after unilateral 
LH lesions (61, 145). Small far lateral LH lesions were more effective in producing 
anorexia than larger lesions which extended medially into the fornix (145). 
Furthermore, the far lateral lesioned rats did not eat in response to insulin or 
drink water overnight when food deprived. These animals did drink normally in 
response to a hypertonic sodium chloride load. The larger combined far and mid- 
lateral lesion only resulted in a mild attenuation of overnight water intake with- 
out food available but did not affect the response to insulin or hypertonic salt 
loads. These results might be explained in terms of the removal of an inhibitory 
influence of the ventromedial hypothalamic inputs to remaining lateral hypo- 
thalamic tissue. A similar effect can be observed when the hypothalamus is surgi- 
cally isolated. Eating in rats with extensive hypothalamic islands, including a 
major part of the lateral hypothalamus, was less impaired than in animals with 
small discrete LH electrolytic lesions (42). Once again it is possible that the re- 
moval of a presumed inhibitory influence of the medial hypothalamus attenuates 
the effects of lateral hypothalamic damage. Complete surgical isolation of the 
hypothalamus, however, resulted in a long-term aphagia and adipsia. Therefore, 
extensive but incomplete surgical isolation of the hypothalamus had only a 
slight effect on eating but complete isolation resulted in prolonged aphagia and 
adipsia. Neuroanatomically, the difference might be attributed to destruction of 
the far lateral border of the hypothalamus in the complete island preparation. 
It should be noted that a decrease in general arousal was produced by this com- 
plete circumsection of the hypothalamus (42). 

The critical importance of the far lateral border of the hypothalamus for eat- 
ing was supported by the studies in which parasaggital knife cuts were made at 
different medial versus lateral placements in the lateral hypothalamus (65). 
Parasaggital cuts between the fornix and LH had a biphasic effect, an initial 
period of aphagia and adipsia followed by hyperphagia. Cuts made along the 
lateral border of the hypothalamus resulted in long-term aphagia and adipsia. 
Similar cuts lateral to the lateral border, however, produced a less severe aphagia 
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and adipsia. In addition to reafürming the critical importance of damage to the 
lateral border of the hypothalamus for severe feeding deficits, these results indi- 
cate that the significant fiber pathways must turn sharply in this region since 
the fine knife cuts damage few cells or fibers oriented in the same plane as the 
knife cuts. 

The possible significance of damage to the striatal-pallidal system for the 
severe effects produced by far lateral hypcthalamic lesions was supported by 
reports of aphagia and adipsia in rats sustaining pallidal lesions (86). In addition, 
electrical stimulation of the striatal-pallida_ produced chewing movements as 
well as contralateral turning and limb mcvements but coordinated ingestive 
behavior did not occur. However, in anotaer study eating and drinking was 
elicited during electrical stimulation of extra pyramidal fiber systems which lie 
adjacent to the lateral hypothalamus (111). Total decortication in the rat pro- 
duced only slight disturbances in eating, if the striatum and palladium remained 
intact, but invasion of these latter structures by the lesions severely impaired 
feeding behavior (133). 

Results from recent pharmacological lesion techniques have offered new 
insights into the striatal systems critical for eating behavior (140). Bilateral 
selective degeneration of the nigral-striatal dopamine (DA) system by intra- 
cerebral injections of 6-hydroxydopamine (5-OH-DA) at various points along 
this system, including the level of the latere] hypothalamus, resulted in a pro- 
longed aphagia and adipsia. Comparable injections of 6-OH-DA at more medial 
locations which produced selective degenzration in the hypothalamic nor- 
adrenergic system did not affect eating. Trese results indicate that the severe 
effects of LH lesions might be attributable to the interruption of the nigral- 
striatal dopamine system. Consequently, it right be more accurate to label these 
classical disturbances in eating behavior as the nigral-striatal syndrome. Ob- 
viously, before accepting such a conclusior more experiments are required in 
which typical LH lesion effects are compared directly with the effects of nigro- 
striatal degeneration utilizing more detailed behavior evaluation procedures. 


HxPERPHAGIA-ÖBESITY SYNDROME FOLLOWING 
VENTROMEDIAL HYPOTHALAMIC INJURY 


The well-known hyperphagia-obesity syndrome resulting from ventromedial 
hypothalamic (VMH) damage continues tc be studied intensively. VMH rats 
decrease food consumption in response to stomach loads of fats, carbohydrates, 
and protein but fail to increase eating in response to food deprivation (115, 116). 
VMH rats do not increase eating in a 1-hcur food availability period with in- 
creasing length of food deprivation. Furthermore, VMH rats do not exhibit a 
compensatory increase in food intake over a period of days during which food 
availability is restricted to 1 hour per day ard consequently eat substantially less 
food than normals. However, when returnec to an ad libitum schedule the VMH 
rats overeat and become obese. On the bass of these findings, it was suggested 
that VMH lesions decrease the ability of a1 animal to adjust appropriately its 
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food intake to account for depletion or repletion of bodily nutrient stores while 
leaving intact the response to postprandial satiety. 

While these studies provoke new questions regarding the nature of the deficit 
underlying VMH obesity, some resolution appears to have been achieved on 
neuroanatomical and hormonal aspects of VMH obesity. Bilateral parasaggital 
knife cuts immediately lateral to the VMH were shown to be sufficient to produce 
obesity (3, 58). Bilateral knife cuts, however, produced obesity to a lesser degree 
than bilateral electrolytic destruction of the VMH (3). The results of these experi- 
ments appear consistent with neuroanatomical and electrophysiological sugges- 
tions of a lateral orientation of VMH fibers into the lateral hypothalamus. 
Bilateral destruction of the VMH, however, results in a number of behavioral 
changes in addition to obesity. Direct comparisons were made of the effects of 
bilateral knife cuts on several behavioral variables associated with VMH injury 
including obesity, finickiness, hyperirritability, decreased wood gnawing, and 
disruption of wheel running and estrous cycles (123). While knife cuts never 
produced the full constellation of changes associated with bilateral electrolytic 
destruction of the VMH, transections lateral to the VMH which extended into 
the anterior bypothalamus produced behavioral changes which most closely 
approximated the effects of electrolytic destruction. Surprisingly, transections 
limited to the region between the VMH and LH did not alter feeding behavior 
but only affected reactivity and wood gnawing. The results of this detailed study 
suggest a new and more complex neuroanatomical relationship between VMH 
and LH. 

Two hormonal systems known to be affected by VMH lesions which also have 
a significant role in body weight are insulin and sex hormones. The basis for re- 
ported sex differences in the effects of VMH lesions on obesity appears resolved 
(32). The reason why obesity can more easily be observed in VMH female rats 
can be explained in terms of the lower body weight of females. When the males 
and females are equated for body weight, Gold (59) showed that “males get just 
as fat as females.” Changes in insulin levels following VMH lesions remain an 
important unresolved issue. Blood glucose and insulin were monitored in unre- 
strained hyperphagic VMH damaged rats and controls (136). Blood glucose 
levels were similar for VMH and control groups but plasma insulin was sub- 
stantially higher in the VMH group. These results were evident under both ad 
libitum and fasting conditions. While this study demonstrated a hyperinsulinemia 
in rats with VMH lesions, the question arises as to whether the increased insulin is 
secondary to the increased food intake. In order to answer this question, compari- 
sons were made between blood glucose and insulin levels in hypophysectomized 
VMH lesioned rats with nonlesioned hypophysectomized controls (68). Both 
groups were tube fed equally for 28 days. The VMH rats had elevated blood 
glucose and insulin. Therefore hyperphagia and pituitary function are not neces- 
sary for the hyperinsulinemia which occurs after VMH lesions. Whether the 
VMH lesion exerts its effect through an increased neural activation of pancreatic 
islets or through a slower gut clearance with increased secretion and gastric 
production needs to be resolved. 
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NORADRENERGIC AND CHOLINERGIC CONTROL or INGESTIVE BEHAVIOR 
AND BEHAVIOR THERM_OREGULATION 


There has been considerable interest in specifying possible noradrenergic and 
cholinergic brain circuits underlying ingestire behavior (62, 98). In the past 2 
years two fundamental issues have been raised in a number of studies. One ques- 
tion has been whether food or water intake evoked by chemical stimulation of the 
brain is similar to that which occurs following deprivation or some other ap- 
propriate physiological manipulation. The second fundamental issue concerning 
the elicitation of intake by intracerebral injections is the question of localization. 

In research on the first question, the intraction of carbachol versus water- 
deprivation-induced drinking has been studied (82). Water deprivation combined 
with carbachol injections produced more drinking than either treatment alone 
but less than expected on the basis of simpl additivity. Centrally administered 
atropine blocked carbachol drinking but had little effect on deprivation drinking 
independent of the level of deprivation. Farthermore, doses of centrally ad- 
ministered atropine which blocked carbachol drinking failed to diminish drinking 
in response to hypertonic sodium chloride loads (87). Also, carbachol drinking 
and hypertonic saline load induced drinking were not additive. Bilateral intra- 
cerebral injections of atropine sulfate into the lateral preoptic or hypothalamic 
areas failed to inhibit drinking induced either by systemic injections of renin 
or by cellular dehydration. Other differences between derprivation versus car- 
bachol-induced drinking under several drinking conditions have been noted 
(13). It was found that injections of carbachol into the lateral preoptic area pro- 
duced lower performance rates than water deprivation when water was offered 
on a variable interval (VD) schedule. Both licking and bar-pressing responses for 
water were less for carbachol as compared with water deprivation when VI 
schedules were used (53). In addition, tolerance for the addition of quinine to 
water was much less for drinking induced ty carbachol. 

In a similar study, differences were demcnstrated between eating induced by 
norepinephrine and that induced by food depeivation (29). Norepinephrine versus 
saline injections into the lateral hypothalamıs at 0 and 24 hours of food depriva- 
tion were compared. At 0 hours, norepineparine always produced more eating 
than saline, but at 24 hours norepinephrine produced more eating only when 
` food was available ad libitum. When bar-pressing on a continuous reinforcement 
schedule was required, there was no differenc2 between norepinephrine and saline 
injections. When bar-pressing on a VI schedule was required, norepinephrine 
depressed performance relative to saline injections. As emphasized by these in- 
vestigators, the eating produced by norepimephrine injections is similar to the 
eating observed after VMH ablations. It seems apparent then that it is overly 
simplistic to assume that chemical injectiors into the brain which elicit eating 
represent activation of neural systems activated as a result of deprivation. The 
complexity of the system is increased further by the report that norepinephrine 
and carbachol might evoke thermogenic responses (7). Utilizing standard intra- 
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cerebral infusion techniques, the effects of carbachol and norepinephrine on 
eating, drinking, and body temperature have been studied. It was found that 
carbachol injections which produced drinking evoked hyperthermia and norepi- 
nephrine infusions eliciting eating evoked hypothermia. This result suggests that 
carbachol drinking and norepinephrine eating might be secondary to thermo- 
genic effects. 

The question of where intracerebral chemical injections take their effect has 
received considerable attention in view of some reports that intraventricular 
infusions of carbachol can evoke drinking and norepinephrine can evoke eating. 
Carbachol injected into the lateral ventricle of rats was reported to increase water 
intake in satiated and water-deprived rats and injections of norepinephrine to 
elicit eating (131). Therefore, chemicals which have been injected directly into 
brain tissue might exert their influence as a result of diffusion into the ventricles. 
The latter possibility questions the localization of effects of chemical injections 
in specific brain structures since, if diffusion into the ventricles were critical, the 
effects could be mediated at structures far removed from the injection site. To 
evaluate directly such a possibility, the effects of injections of 1.0 ul of either 
radioactive acetylcholine, serotonin, or norepinephrine into the lateral hypo- 
thalamus of rats were studied (102). It was found that 35-40 minutes after an 
injection the radioactive chemical remained localized at the site of the injection 
and that only a small amount had reached the ventricle. Also, contrary to a 
ventricular diffusion interpretation of the effects of carbachol-induced drinking, 
no differences were found in intake, latency to drink, or thresholds for drinking 
following carbachol injections in solutions or crystalline form at widely separate 
sites in the limbic system and at widely different distances from the ventricles 
(88). 

It should also be mentioned that a number of pharmacological studies have 
been undertaken concerning norepinephrine-elicited eating as to whether alpha 
or beta receptors are being activated. These results, however, are beyond the 
scope of this review. 

A new and more basic mechanism for eating, drinking, and temperature 
regulation has been suggested recently (103, 104). Utilizing a sophisticated push- 
pull cannula system, feeding, drinking, and thermoregulatory behavior can be 
elicited by altering the extracellular sodium-calcium ratio in specific loci within 
the hypothalamus. Therefore, ionic balance may be the basic mechanism under- 
lying food, water, and temperature regulatory mechanisms. 

As a final comment, after having read several hundred articles in the prepara- 
tion of a review of this type, we hope that scientists will be more careful and 
efficient in conducting future research in this field. The scientific impact of many 
experiments could have been vastly improved by relatively simple means. Some 
major problems remain unsolved because detailed and comprehensive descrip- 
tions and adequate measures of behavior were not carried out; external stimula- 
tion such as light-dark cycles, temperature and humidity, and diets have not been 
standardized or in many instances have not been specified; histological techniques 


74 WAYNER & CAREY 


still leave much to be desired, the anatomical evidence when available tends to 
be presented poorly, and proper controls sor the usual massive electrode and 
cannula tract damage have not been implemsnted. With increased knowledge the 
differences between species are becoming more obvious and genetic variables are 
being appreciated, but few research desigas yet include these variables. It is 
difficult to conceive that solutions to important theoretical issues will be found 
until these relatively basic methodological Ceficiencies are overcome. 
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MATHEMATICAL LEARNING THEORY AND THE 
NEW “MENTAL FORESTRY” 


James G. GREENO AND ROBERT A. BJORK 
Human Performance Center, The University of Michigan, Ann Arbor, Michigan 


In the decade or so that constitutes the period of our review,” progress toward 
understanding the processes involved in learning can only be described in terms 
that sound extravagant. It is our task to consider only one part of this remark- 
able progress, but in order to put our review in perspective, we begin with a 
brief sketch of our impression of the current condition of the psychology of 
learning and cognition. 

A little more than 10 years ago, experimental psychologists in the field of 
learning seemed concerned primarily with changes in the frequency of certain 
response classes over trials as a function of experimental conditions. Since that 
time a new psychology of cognition has grown up, at least to the point of adoles- 
cence, if not young maturity. While it is important to remember that occasional 
far-sighted theorists and commentators since James (115) and before have seen 
clearly that cognition is a complex and worthy subject, it is nonetheless true that 
the emergent techniques and interests in the study of cognitive processes such 
as attention, encoding, search strategies, rehearsal processes, and understanding 
constitute a kind of revolution. 


1 Preparation of this report was supported in part by the Air Force Office of Scientific 
Research under Contract No. F44620-72-C-003 with the Human Performance Center, 
Department of Psychology, University of Michigan; and in part by National Science 
Foundation Grant GB-31045. 

2 Mathematical learning theory has not been the topic of an earlier contribution to 
the Annual Review. We date our review mainly from Estes’ review of learning theory in 
1962 (65), although we have omitted some material dealt with by Millward in 1964 (24), 
and our review overlaps to some extent Hunt’s review of computer simulation in 1968 
(108). Our literature review ends with the calendar year 1971. 

3 Though not in the sense of Kuhn (130), whose concept ofa revolution seems to us to 
be quite irrelevant to the analysis of scientific progress. We consider the new develop- 
ments of the 1960s as completely continuous with the development of mathematical 
learning theory in the 1950s by many workers, including Estes (59, 62), Bush & Mosteller 
(37, 38), and Suppes & Atkinson (212), and although we did not participate in those 
developments, it seems to us that they were quite continuous with earlier well-known 
work such as that of Hull (106). Virtually all of the work reviewed here has been con- 
tributed by scientists trained by those who built psychology during what we and others 
would call the prerevolutionary period of cognitive psychology, or by those prerevolu- 
tionary scientists themselves. In our judgment, what we are reporting is not a paradigm 
shift, whatever that might be. 
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This revolution has influenced the study of learning very substantially. In 
particular, learning has been subjected to an analysis of processes such as atten- 
tion, storage, and retrieval that underlie the overall changes of state that are 
labeled learning. Major innovations have occurred at levels involving general 
conceptualization, theoretical method, and experimental technique. Workers in 
the field are all aware of the new experimental paradigms that have been devised 
to isolate and examine particular processes, such as sensory storage of briefly 
exposed visual information (2, 71, 206), attentional and short-term storage pro- 
cesses in audition (34), short-term retention of verbal items (35, 173, 174, 201), 
encoding processes and the role of similari-y (43, 179), processes of retrieval 
from both short- and long-term memory (42, 133, 148, 209), and the learning of 
concepts and rules (99, 190), to mention justa few. 

Along with these developments in experimental methods, several formal 
developments have provided increased power for theoretical work. In his review 
of literature prior to 1962, Estes (65, p. 111) zorrectly foresaw the importance of 
developments in mathematics by which “psychologists have had placed in their 
hands the simple but powerful methods of nite Markov chains,” which have 
provided the formal basis of much substantive analysis. Of similar importance 
have been continued developments in artificial intelligence, stimulating numerous 
efforts to understand psychological processes with the aid of computer simula- 
tion (110). 

The most important theoretical development, in our opinion, has been the 
evolution of concepts for describing and analyzing psychological processes and 
structures. A notable feature of many theoretical contributions has been the as- 
sumption of considerable structural complexity. The structural properties of 
systems for processing information and memorizing have teen considered in 
several theories (9, 161). Theorists have assumed a hierarchical process of fea- 
ture extraction, with elementary properties analyzed initially, and more complex 
properties or names of stimuli processed or stored at higher levels (137, 197, 199). 
Models of problem solving have incorpora:ed multilevel functioning, with re- 
cursive methods and executive control of processes (58, 184). Tree structures 
have been proposed to represent what a subject learns when a list of verbal items 
is memorized (76, 101), and when a classificatory concept has been induced 
during concept learning (108, 112, 229). And the problem of serial order has been 
approached with increased sophistication, with representations of sequential 
concepts as hierarchies of rules or transformations (189, 190, 204, 233). 

A decade ago it was still appropriate to characterize the psychology of learn- 
ing as the study of “mental chemistry,” that is, the investigation of processes by 
which elements combine into more complex >ompounds. We sense that the study 
of learning is in a transition stage in which >ur concerns are moving toward an 
interest in the processes by which trees and other cognitive structures are ac- 
quired and modified. Perhaps “mental forestry” suggests a better analogy for 
characterizing the current transition stage, if not the final version of the psychol- 
ogy of learning that is emerging. At least, if we are still mental chemists, we are 
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EXECUTIVE CONTROL 








Figure 1. Divisions of information-processing function 
in the human memory system. 


dealing with structures comparable to those of organic rather than inorganic 
compounds. 

In the new psychology of cognition that has developed in the last decade or 
so, it is customary to represent some main divisions of function in a flow dia- 
gram, and Figure 1 shows the main components of what we take to be the current 
consensus. Information enters the system through sensory registers, where it is 
held in short-term sensory storage (STSS), but is lost very quickly—usually 
within fractions of a second—unless it is processed further into the system. Most 
theorists assume that further processing consists of attending to the sensory in- 
formation in STSS, which has the effect of transferring information to short- 
term memory (STM). Short-term memory has a relatively small capacity of a 
few items or chunks of information, and items are apparently stored most fre- 
quently if not always in a form appropriate for rehearsal, with phonemic features 
playing a prominent role. Items are typically held in STM for times on the order 
of seconds, and retrieval of information from STM is rapid and reliable. 

By long-term memory (LTM) we mean to denote a system of relatively large 
capacity, at least up to dozens of items. Retrieval from LTM is problematic, and 
it appears that much information apparently lost actually remains in the system 
but becoines inaccessible. The time scale we have in mind regarding LTM is on the 
order of a few minutes up to several hours. Examples of learning that involve 
LTM include memorizing a list of words during an experiment, or retaining 
information about experimental procedures while reading the results section of a 
scientific article. By semantic and factual knowledge, we refer to the person’s 
store of knowledge about concepts and past events that is virtually permanent. 


84 GREENO & EJORK 


Terminology is troublesome here, since several authors have referred to this 
kind of permanent store as long-term memory, with considerable justification. 
But we have chosen the usage described herz in order to make maximal contact 
with the existing literature. 

Our reference to “executive control” in Figure 1 recognizes the importance of 
attention and decision processes in the sto-age, rehearsal, and retrieval of in- 
formation. A subject may decide to ignore an item in STSS rather than enter it 
in STM (9). Contact with the lexical contents of semantic and factual knowledge 
involves a decision rule for determining wkether enough information has been 
perceived to justify assigning a name to the stimulus (137, 197). There are mech- 
anisms for selecting items held in STM for rehearsal (9, 17, 183), and for selecting 
attributes of stimuli for special attention and processing (40, 185, 239). Develop- 
- ments of organized groupings of items in LTM and strategies of searching in 
LTM for items (124, 202) are further functions carried out under executive con- 
trol. When information is retrieved, a decision has to be made whether the in- 
formation is adequate to justify a response (16, 29, 122, 161). 

The learning theories that are the subjec: of this review deal with the process 
of acquiring information and remembering it. Using a criterion that is fairly 
standard, albeit arbitrary, we consider learning as a process resulting in retention 
of information for at least a few minutes. Thus, in relation to Figure 1, we con- 
sider theories dealing with the process of storing and retaining information in 
LTM. We omit consideration of STSS entrely, and our concern with STM is 
limited to processes of short-term retention zhat influence storage of information 
in LTM. Modifications in the structure of a Jerson’s semantic and factual knowl- 
edge certainly constitute learning, but rigorous theoretical analyses of such 
processes have not yet appeared. Another limitation on this review is imposed by 
the fact that nearly all quantitative theorizing during the last decade has dealt 
with the storage and retention of verbal information; we therefore have little to 
say about either animal learning or about the learning of skills. Animal learning 
has received limited attention by quantitatireiy oriented theorists during the last 
decade, and although quantitative analyses nave been carried out with respect to 
the properties of skilled performance, we are aware of very little quantitative 
theorizing on the acquisition of skills, with Timpe’s work (223-225) being the 
main exception that we know of. 

On the question of what constitutes a “‘raathematical” learning theory, we are 
neither certain of our criteria, nor do we thick, in spite of our efforts, that we have 
been completely consistent. In general, we have assumed that mathematical 
theories consist of hypotheses stated in a re-atively formal way together with im- 
plications drawn from those hypotheses b means of mathematical reasoning. 
Nearly all of the quantitative theorizing covered by our review employs either 
probability theory or computer programs as the mathematical basis. But the rela- 
tive importance of mathematical work in a contribution to theory varies a great 
deal. We are aware that other reviewers would probably apply quite different 
criteria for inclusion in this area. Since we are primarily interested in learning 
theory rather than mathematics, we think we have been quite conservative in ex- 
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cluding “nonmathematical” contributions, but it seems certain that others would 
include some of the contributions that we have failed to mention. 

The remainder of this review presents our impression of the current state of 
theoretical understanding of learning processes as represented in relatively rigor- 
ous (i.e. “mathematical”) theories. Our discussion in the next section is organized 
around the question: What is learned? Our discussion is focused on the problem 
of representing what is stored during learning, but we also comment briefly on 
the influence offorgettingand retrieval processes on acquisition and performance. 
In the third section we review theoretical analyses of specific varieties of learning, 
and in the final section we close by reviewing some analyses of formal properties 
and statistical methods. 


WHAT IS LEARNED? 


As an outcome of learning, information is stored in memory that was not 
there before, or some structure of knowledge is modified. Theoretical representa- 
tions of what is stored during learning seem to be oftwo kinds: either information 
stored in memory is assumed to consist of representations of the items studied, or 
the contents of memory are assumed to be a set of rules for generating a response 
or a series of responses. The difference may be more apparent than real. We sup- 
pose that theorists who refer explicitly only to storage of item representations are 
being elliptical, since it is obvious that there must be some procedure for translat- 
ing the stored information into responses. On the other hand, theories assuming 
that rules for response generation can be learned without any concomitant learn- 
ing of item information tend to overlook the evidence that subjects can often 
respond correctly on tests that require the retrieval from memory of information 
about specific items. 


ITEM REPRESENTATIONS 


Storage.—Theories that assume items rather than rules are stored vary on two 
dimensions. One dimension is whether items are assumed to exist in memory in a 
unitary way or are assumed to have a more complex representation, usually in- 
volving feature or attribute descriptions. A second dimension is whether the 
representation in memory is all-or-none or varies in strength along some discrete 
or continuous scale. 

In the simplest combination of assumptions, an item is stored as a unit, and 
storage is an all-or-none process. This assumption is made in the all-or-none 
Markov models in which the learning of an item consists of a discrete change in 
state. The simplest case involves a two-state system in which the only distinction 
made is whether an item is learned or unlearned (27, 64). To analyze certain kinds 
of transient effects, a third state has been introduced corresponding to STM. An 
item may be stored in STM temporarily after study, with some probability of re- 
turning to the unlearned state. Entry into the learned state corresponds to achiev- 
ing a record of the item in LTM (7, 86, 121, 235). Unitary , all-or-none storage is 
also assumed in analyses based on queuing theory (28, 183), where STM is as- 
sumed to consist of a queue of items waiting to be processed, and storage in LTM 
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results when an item is processed, which occurs when the item reaches the first 
position in the queue. In his fixed-point mocel, Murdock (153, 154) also assumes 
all-or-none storage, but whether an item is retrievable or not after a given reten- 
tion interval is determined by a fluctuation process assumed to reflect the interac- 
tion of forgetting and reminiscence. 

Another class of theories assumes that s:orage involves the representation of 
an item in a unitary way, but that the strengzh of the representation is a variable. 
In one version, used by Bernbach (17, 18), storage consists of creating copies of 
an item, so an item may be represented by any number of capies in memory. In 
Bernbach’s theory there is no separate sys‘em of STM, but the probability of 
adding copies by rehearsal decreases with time after an item’s presentations, due 
to the increasing chance that all the copies of the item have been lost. Another 
theory that assumes unitary storage with varying strength is Wickelgren’s (237) 
trace theory. Wickelgren assumes that the representation of an item consists of 
several traces, each varying in strength as a function of time since the item was 
studied. The several components of the memory system (Wickelgren assumed 
there are four) are represented by traces wita different rates of consolidation and 
decay. Another variation was given by Atkirson & Shiffrin (9), who assumed that 
occupancy of STM is all-or-none, with a finize upper limit on the number of items 
that can be in STM at any time. Storage in LTM is assumed to involve representa- 
tion of unitary items, but the strength of the representation is a continuous vari- 
able referred to as the amount of informztion in LTM for an item, with the 
amount of information transferred to LTM being proportional to the amount of 
time that the item was in STM. The idea that recognition depends on a decision 
process based on the familiarity or strengtk of an item’s trace also uses the idea 
of a unitary variable-strength representatior (16, 50, 100, 122, 146, 172, 238). 

The second main alternative assumptior about storage is that the representa- 
tion of an item is not unitary but consists cf a representation of some of its fea- 
tures. The simplest analyses using this idea are the N-element models of stimulus 
sampling theory (70, 214) where it is assumed that a stimulus situation consists of 
many elements or presents different potential perceptual patterns. At a specified 
stage of learning some proportion of the elements or patterns are associated with 
a given response in the subject’s memory; at the limit, if a single response has 
always been paired with the stimulus, all the elements or patterns of that stimulus 
are represented in memory in association with the response. The assumptions of 
the mixed pattern-components model (8, 81, 83) are that all the components of a 
stimulus are connected with a response in memory, and if a subset of one or more 
of the original components appears as a test stimulus, the response will be per- 
formed. Thus the mixed model includes the implicit assumption that stimulus 
features or components are represented in memory. In a similar way, Bower’s 
(29) multicomponent theory of the memory trace assumes that a set or vector of 
stimulus properties is stored in memory. Bewer’s analysis deals with the process 
of losing elements from the stored vector through decay or interference during a 
retention interval and thus differs from the analysis given in stimulus sampling 
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theory, which deals with the process of building a set of stored components during 
training. 

In a sense, the fluctuation model formulated by Estes (60, 61) provides a theory 
of memory storage that generalizes the two ideas given in ordinary stimulus 
sampling theory and in Bower’s multicomponent analysis, since the fluctuation 
model considers the process of storing a set of component associations for a 
stimulus as well as the loss of those components over a retention interval. In the 
fluctuation model, Estes assumed that a subset of the potential elements for a 
stimulus are available for association with response in any situation, but over a 
retention interval the elements in the available subset are exchanged with elements 
that were unavailable originally, thus causing elements associated with the re- 
sponse in memory to become unavailable at a later test. Elements are not perma- 
nently lost in the fluctuation model; they may fluctuate back to the available set 
at a later time. 

In some theories dealing with stimulus features, properties of certain features 
have been specified. In a theory given by Restle (187) representation of an item 
initially stored in memory may not be distinctive enough to permit discrimination 
from similar items. The representation needed includes the feature that dis- 
tinguishes between similar stimuli or responses. Another theory specifying the 
nature of features represented in memory was given by Laughery (137), who spe- 
cified a set of visual and acoustic features for letters and numerals and assumed 
that these are stored as part of one’s permanent knowledge. Laughery’s theory, 
like Bernbach’s described above, does not distinguish between STM and LTM as 
separate systems. In Laughery’s analysis, acoustic features of presented items are 
represented in memory and are updated and strengthened by rehearsal. Another 
theory that assumes a representation of features in the subject’s permanent 
knowledge was given by Norman & Rumelhart (161). Their theory of storage uses 
the idea of contextual association; they assume that when an item is recognized 
in study, its features are tagged in memory showing the context in which it was 
presented. The information stored in memory according to Norman & Rumel- 
hart’s theory consists of associations between features of items and contextual 
tags. Association between features or properties and responses is the assumed 
nature of information storage in classical discrimination learning theory of the 
Hull-spence variety (207, 241). Other kinds of information assumed to be stored 
about an item include the frequency of its occurrence (20) and the time of its 
occurrence (202, 203), and the relative position of the item on some quantitative 
scale such as size (30). 


Forgetting Forgetting is not a concern of this review except to the extent 
that it influences acquisition processes. Several different types of interactions be- 
tween acquisition and forgetting are found among different theory types. In those 
theories assuming a unidimensional memory trace that varies in strength or num- 
ber of stored elements, it is natural to assume that forgetting consists of a loss in 
strength or number of stored elements. After a series of learning trials, perfor- 
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mance is determined by the net effect of the acquisition of strength on the learning 
trials and the loss in strength between learning trials. This interpretation of the 
interaction between forgetting and acquisition, although quite appealing intui- 
tively, has the considerable defect of being nearly always completely wrong in its 
predictions of the effects of the temporal syacing of learning trails. Given any 
reasonable learning operator, such an interaction leads to the prediction that 
learning is optimized when the spacing between trials is minimized [for a discus- 
sion of this issue, see Bjork (23)]. 

In models in which what is stored can be In more than one memory state, such 
as STM and LTM, or available and unavailable, the interaction between for- 
getting and acquisition is more complex. Umder some circumstances the interac- 
tion can be such that long-term learning profits from short-term forgetting. This 
kind of interaction can occur in models of the rehearsal-consolidation type (9, 
132), of the stimulus fluctuation type (60), and of the multistate Markov type 
(86). In these theories, increased forgetting between any two learning trials re- 
duces performance at that point in the learning process, but long-term learning 
may profit from either increased consolidatzon of long-term memory as the tem- 
poral spacing between two learning trials is increased, or from improved long- 
term acquisition on the second of the two learning trials. Long-term acquisition 
might be facilitated on the second learning tzial in two ways. First, the number of 
formerly unconditioned and unavailable stimulus elements that become available 
and conditionable through fluctuation coul increase with the temporal spacing 
between trials. On the other hand, the protability of transition from a forgotten 
state to long-term memory could exceed the probability of transition from short- 
term memory to long-term memory, and a longer interval between two learning 
trials would decrease the likelihood that en item would remain in short-term 
memory at the time of the second learning trial. 


Retrieval.—In the foregoing theories of representational storage, retrieval 
processes sometimes do and sometimes do not play a major role in determining 
performance. When an item is assumed to 3e stored as a unit, there is not much 
basis for a theory of retrieval, although retr-eval probability might be assumed to 
vary with number of copies stored, or, ucder the assumption that an item be 
stored as a unit in one or more different memory states, retrieval of an item might 
be assumed (89, 243) to vary with its statein memory. 

When an item is assumed to be stored in terms of its features or trace strength, 
there is a natural basis for specifying retrieval mechanisms. Given that a feature 
list in memory incompletely specifies an Zem, different assumptions about the 
retrieval process yield different predictions of both frequency and types of errors 
on tests of recall and recognition (29, 137, 161). If a memory trace is assumed to 
vary in strength on a continuum, recall amd recognition may be assumed to de- 
pend on decision mechanisms, such as that embodied in the theory of signal 
detectability (238, for example). 

When judgments of list membership, recency, or frequency of occurrence are 
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required, retrieval mechanisms play a critical role. There is no reason to expect 
that the retrieval mechanisms involved in such judgments tend to be simple; it 
is almost certain that comparisons among items, judgments of strength, relative 
position in structural organization, and encoded tags and labels are all involved. 


Comments on alternative assumptions.—A review of alternative theories in- 
evitably raises the question of which is correct. On the dimension of unitary rep- 
resentation versus representation of features the question is easy to answer. A 
theory that assumes representation of components or features of stimuli is more 
general than a theory assuming that each stimulus record is unitary, and several 
well-known facts about memory indicate that the more detailed assumption is 
needed in many situations. Any process of selection or variability of encoding 
must operate on a basis of multicomponent representation of some kind, and the 
operation of selective and variable processes in encoding seems quite well estab- 
lished. On the other hand, assumption of unitary representation is a useful special 
case of the more general idea, and can be used to represent the process of learning 
in many situations where the complicating factors of selection and variable encod- 
ing can be neglected. 

The issue regarding all-or-none storage versus variable strength in the memory 
representation is considerably harder to evaluate. Even when unitary representa- 
tion is assumed, it turns out, as Restle (188) showed, that all the properties of 
observable performance produced by all-or-none learning can be mimicked by a 
system in which learning is gradual, performance depends on a threshold, and an 
appropriate distribution of individual differences exists. This means that a defini- 
tive choice in favor or all-or-none learning cannot be made on empirical grounds, 
since the all-or-none hypothesis is empirically equivalent to a special case of 
gradual learning. If it is assumed that representation involves features of items, 
the issue becomes even harder to decide, since even if all-or-none storage of in- 
dividual features is assumed, the possibility of partial representation implies that 
learning of items may not be all-or-none in nature. The question of deciding 
whether representations of individual features are stored in an all-or-none fashion 
involves the same formal difficulties as apply to that question regarding individual 
items, except that the decision has to involve several theoretical entities instead 
of just one. 

While a definitive empirical case for the assumption of all-or-none storage 
seems unattainable, there appear to be strong theoretical and methodological 
reasons supporting the use of that idea. The main advantage of the all-or-none 
idea is that it is testable in Popper’s (178) sense and therefore can serve as the 
basis of theoretical advances in which changes in the theory are guided directly 
by empirical evidence. Thus it continues to seem preferable to view cases ın which 
storage of information appears to occur in a gradual fashion as cases in need of 
more detailed analysis, as Estes (66) suggested in 1964. This attitude has led to the 
analysis of several tasks as combinations of all-or-none processes. On the other 
hand, analyses based on the weaker assumption of gradual changes in strength of 
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representation undoubtedly will continue to provide useful information, and re- 
sults obtained under the two kinds of assumptions probably can be related to each 
other in future analyses. 


GENERATIVE REPRESENTATIONS 


Storage.—In many theories the information stored in memory is in the form 
of rules for selecting or generating responses, rather than representation of events. 
The case studied most intensively involves rules for classifying stimuli in concept 
identification, but considerable analysis has also been given to the structure of 
sequential concepts, where the stored rule is a means of generating a sequence of 
responses, 

In the case of classification, the outcome of learning is a rule or strategy that 
assigns a response to each stimulus in the set used in the experiment. There are 
two questions about what kind of information is stored in memory. First, what 
is the form in which the rule or strategy is represented ? This is the direct question 
of what is learned in concept identification. The other question is, what kind of 
information is held in memory during learcing? This second question involves 
issues about the retrieval of information from the store of permanent knowledge 
as well as the kind of information held in STM for use in processing information. 

Regarding the first problem as to the way classification rules are represented, 
there have been two main assumptions. One assumption is that a concept is 
stored in the form of a list of properties, elong with the name of the concept 
(116, 184). A second assumption is that the relevant properties of the concept are 
stored as a rule for making a series of tests ard a decision (108, 109). For example, 
if a subject has learned that the concept GAX refers to the category of large, blue 
stimuli, the list representation could be in zhe form “GAX: large, blue,” com- 
bined with the response rule that all entries an a property list should be matched 
by a stimulus for the name to be assigned 184). On the other hand, a decision 
tree for this concept might be: 

Test color; if blue, proceed; if not blue, respond “not GAX.” 

Test size; if large, respond “GAX;” if rot, respond “not GAX.” The differ- 
ence is obviously one of notation. The list of properties and an appropriate 
response rule lead to the same performance as the decision tree. In fact, any de- 
cision tree for a concept can be represented as a matrix in which each row is a list 
of properties (112). In the simplest case cf concept identification, involving a 
single relevant attribute, some theories refer to selection of an attribute and as- 
sociation with a response as separate processes (32), while others refer to the 
selection of a strategy, which specifies a response for each stimulus in the set being 
used (185). The difference does not seem to de a substantive one. In more complex 
situations that require learning to classify patterns that have variable features, 
theorists have assumed that the importarce given to the different features is 
modified on the basis of information received during learning. Thus the outcome 
of learning not only involves selection of attributes for testing, but also involves 
setting weights on the various tests for deciding to which category a presented 
pattern belongs (151, 200, 230), or in evaluating one’s position in a game (198). 
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The issue as to the kind of information held in memory during processing does 
involve assumptions that differ in a substantive way. In several theories, the sub- 
ject remembers a set of stimuli and their response assignments, and hypotheses 
about the concept are selected on the basis of scanning the remembered set of 
stimuli (45, 111, 116, 152, 227). In other theories, information is held in STM in 
the form of a list of hypotheses that are being considered (79, 118, 157, 185, 228) 
and there may also be memory for hypotheses that have been eliminated from 
past samples (10, 57, 96, 239). Chumbley (40) obtained experimental evidence on 
the question favoring the idea that it is hypotheses that are stored, rather than 
representations of stimuli. 

Regarding the question of accessing information from permanent storage, 
nearly all theories have assumed a constant set of descriptors (for the stimulus- 
representation models) or possible hypotheses (for the hypothesis-list models) 
used by the subject during learning. When information is taken from permanent 
storage (usually when the current list of hypotheses is exhausted, or when an error 
in classification is made) the selection from the set in permanent storage is usually 
assumed to be random, with fixed probabilities for the various possible hypoth- 
eses. One interesting exception is the hypothesis of Falmagne (74, 75), who as- 
sumed that the sampling probability of an hypothesis is increased on trials when 
that hypothesis is consistent with information given, and decreased when it is 
inconsistent. 

The assumption that what is learned is a rule for generating responses, rather 
than a representation of events, has been postulated in several theories about the 
learning of lists of verbal materials. One straightforward case involves lists of 
paired associates that include sets of similar stimuli paired with a single response. 
These tasks permit the subject to group items and use a rule of the form, “Give 
response R to stimuli with property P,” in a fashion similar to standard concept 
identification. Theories dealing with this rule-learning aspect of associative learn- 
ing have been developed. Batchelder (11, 12) developed the idea of a classifica- 
tion rule explicitly in his theory; other investigators have dealt with the problem 
by postulating various mechanisms of transfer between similar items represented 
in memory (8, 81-83, 92, 186, 187). Another possibility regarding list learning is 
that the subject’s knowledge about the entire list is acquired in the form of a dis- 
crimination net. This idea, proposed by Feigenbaum (76) and used in an extensive 
study by Hintzman (101), proposes that information about a list is stored in the 
form of a decision hierarchy with each node of the tree being a test on some at- 
tribute of items in the list. The selection of response depends on the outcome of 
the series of decisions, just as in the analyses of concept identification described 
above. 

Another important use of hierarchical representation of the outcome of learn- 
ing has been in analysis of serial learning. Feigenbaum & Simon (78) used the 
idea of a discrimination net to represent the sequential learning that occurs when 
a person learns a list of words. Analyses of the acquisition of sequential concepts 
when subjects are shown series of numbers, letters, or patterns of switch settings 
have been given in a number of investigations (95, 189, 190, 204, 233). The various 
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analyses share important features. A process of encoding relationships between 
elements is assumed, often involving the fornation of units based on short sub- 
sequences. Then rules for combining the s-bunits are acquired, resulting in a 
hierarchical structure of rules for generating the sequence. Evidence obtained by 
Bjork (22) suggests the pleasant possibility taat in at least some nontrivial cases, 
storage of components of a hierarchical structure is all-or-none in nature. 


Forgetting —In some generative represeatations, the structure that must be 
acquired is complex enough that forgetting can be assumed to influence both 
performance and the ongoing acquisition o? the representation. Very often this 
is not the case; many of the typical concests, rules, or structures involved in 
experiments are simple enough that they do not pose memory problems—for ex- 
ample, a concept such as “Give response R fo stimuli that are red” is not difficult 
to remember. In the case of certain sequential concepts (22), however, and in the 
case where what is acquired is a tree structure or discrimination net (101), retain- 
ing the representation in memory is not trivial and may influence heavily the 
acquisition of the representation. 

Even in those cases where the generative representation to be learned poses 
no memory problems in itself, the retention of the information content contained 
in a series of learning trials may constitute a significant memory load. Acquisition 
in such situations may, therefore; depend cn memory in an indirect but critical 
way; the decisions, tests, and other operaticns involved in the learning of a gen- 
erative representation can be effective only to the extent that the item information 
necessary for learning to take place is retained. The importance of memory for 
specific items is sometimes nullified procedarally by providing subjects with dis- 
plays that relieve them of retaining such information (204). 


Retrieval—When what is stored is generative in form, retrieval from memory 
does not tend to be a problem. Given that a response rule has been learned, re- 
trieving the response is typically straightforward, with two possible exceptions. 
One exception is in the learning of sequential concepts, in which case generating 
the series of responses required may be subject to failures of retrieval from 
memory. A second and more interesting case is the learning of lists of verbal 
materials by means of the storage of tree structures. In such cases retrieval be- 
comes very important, especially in the case where the structure is incomplete. 
Both frequency and types of errors are influenced heavily by what is assumed 
about the tests and decisions involved in the retrieval process. 


ANALYSES OF SPECIFIC LEARNING TASKS 


The discussion in the preceding section deals with general principles that are 
postulated in current mathematical theories of learning. Any application of those 
principles takes the features of a specific learning task into account and specifies 
the processes of information storage, reteation, and retrieval that occur in the 
situation being analyzed. Of course, the various experimental situations that have 
been developed for the study of learning provide information about different 
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aspects of the learning process. The theoretical framework that we have adopted, 
described at the beginning of this review, has consequences for the interpretation 
we give of results obtained in various experimental settings. Within that frame- 
work we now review published analyses of various tasks, and while this kind of 
review inevitably takes on something of the character of a catalogue, we hope to 
indicate relationships between these specific analyses and the substantive issues 
discussed earlier. 


LEARNING TO RECOGNIZE 


Discrete state models —When a list of items is shown and later tested for 
recognition, information about learning is obtained with minimal requirements 
on the subject for retrieval of information. Kintsch & Morris (125) analyzed 
multitrial recognition learning of trigrams and obtained data agreeing with the 
all-or-none learning model. Kintsch (121) and Olson (171) investigated effects of 
varying intervals between presentations of items during recognition, and obtained 
results compatible with the all-or-none model, elaborated by the addition of a 
state representing short-term memory. Although Olson (171) found some evidence 
that items could be lost from LTM, it is a good approximation to assume that 
when subjects study items in recognition learning, each trial provides an oppor- 
tunity for a stable, distinctive representation to be stored in LTM, and failing 
that, a representation is held in STM for a time. 


Analyses based on decision theory—While performance in multitrial recogni- 
tion learning has the all-or-none property, an important factor is that subjects 
give just “yes” or “no” responses in that experiment. When subjects also give 
confidence ratings about their responses, a more complicated process is involved. 
Ideas taken from the theory of signal detectability have been used, assuming that 
the strengths of memory traces or feelings of familiarity vary among items stored 
in memory, and judgment of confidence indicates the amount of this strength or 
familiarity. The strengths of new or distractor items have a distribution analogous 
to the distribution of likelihood ratios on noise trails in detection. In analyses by 
Parks (172) and by Wickelgren & Norman (238) strengths of presented items are 
greater, on the average, and the amount by which the mean strength of presented 
items exceeds the mean of the distractor distribution depends on the time since 
presentation. 

Freund, Loftus & Atkinson (80) analyzed recognition performance on num- 
ber-letter pairs, using Atkinson & Shiffrin’s (9) model of the storage of informa- 
tion about items in memory. The model includes an assumption that the amount 
of information stored is proportional to the time an item resides in STM, and the 
amount lost is proportional to the time elapsed between storage and test. Two 
alternative assumptions about retrieval were compared. It appeared preferable to 
assume that the amount of information determined a value of d’ for a decision 
process like that used in the theory of signal detectability rather than to assume 
all-or-none retrieval of items with the probability of retrieval determined by the 
amount of information retained. Donaldson & Glathe (50) also discussed applica- 
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tion of detectability theory to analysis of recognition and recall, especially regard- 
ing interpretation of the value of d’ obtained in recall performance. 

In analyses by Bernbach (16, 19) and Kintsch (122) a single distribution of 
strengths associated with items with stored representations is assumed. An item 
that has been presented has some probability of being stored, and as other items 
are presented and tested there is a possibility that the stored representation is lost. 
Thus in this analysis some of the presented items have strength taken from the 
distribution of stored items, and others come from the same distribution as new 
items. Kintsch’s (122) analysis adds the feature that if an item’s stored representa- 
tion is sufficiently strong, it will not drop Jown into the initial distribution—in 
other words, it enters the learned state of the Markov model of learning. 


Analyses assuming storage of features.—Further analyses of recognition have 
been provided, based on the idea that an item’s representation in memory is a 
partial list of features. In his presentation of the multicomponent model, Bower 
(29) gave analyses of several kinds of recognition experiments, using the idea that 
some features of an item’s representation are lost during a retention interval. 
Response on a recognition test depends or. the number of features of a test item 
that match features retained in memory, relative to a criterion that the subject 
has, or compared with the number of matching features of ather items presented, 
A related analysis given by Norman & Eumelhart (161) assumes that storage 
consists of tagging features of the studied ‘tem with context information. During 
a retention interval in which other items are presented, some of the tags of an 
item’s features are tagged by new contexts and this produces uncertainty about 
the item when it is tested. In a test of reccgnition, the features of the tested item 
are scanned, and response depends on tte number of features found with ap- 
propriate context tags. 


Simulations of recognition—Computer simulations of pattern recognition 
have provided important contributions to theory about the processes involved in 
learning to recognize. Hunt’s (110) review presents a recent summary of the main 
ideas, Two hypotheses are particularly interesting for the theory of learning. One 
is that learning to recognize a character involves storing the features of each char- 
acter presented during learning and computing the probability that a given fea- 
ture comes from each character in the practice set. These probabilities are used 
when a test character is presented to maxe a decision about which character is 
being shown (200). A second idea is that characteristics consisting of local pat- 
terns are stored as a feature list for each character that can be recognized. Recog- 
nition involves an effort to match the stcred characteristics with features of the 
presented character, and experience with known characters leads to adjustment 
in the weights given to the various characteristics in the decision about what char- 
acter is being shown (230). General discussions of pattern recognizing systems and 
their learning capabilities have been given by Nilsson (159) and by Minsky & 
Papert (151). 
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LEARNING TO RETRIEVE LISTS 


Free-recall memorizing.—Analyses of performance in free-recall memorizing 
by Kintsch & Morris (125) and by Waugh & Smith (236) have shown that memor- 
izing items for recall is not all-or-none in nature, and that a two-stage Markov 
model gives an acceptable account of the data. After recognition pretraining, re- 
call memorizing was an all-or-none process, suggesting that the whole process of 
memorizing for recall involves a first stage of storing a representation of the item, 
followed by a stage of learning to retrieve the item from memory. 

The idea that stored representations involve features of items has been used in 
analyzing recall. In Bower’s (29) model it is assumed that each item in memory is 
recalled if enough of its features are retained to satisfy a recall criterion. Missing 
features are filled in by the subject. A similar analysis of recall was given by Nor- 
man & Rumelhart (161), who assumed that in a recall test context information is 
made available and memory is accessed to find features of items studied in the 
context. If a sufficient number of features are retrieved to spedify an item uniquely, 
the subject gives that response. Otherwise, no response is given or the subject 
guesses. 

Other discussions of recall by Kintsch (124) and Shiffrin (202) use the idea 
that items are stored in memory in a format involving features, including informa- 
tion about the time of study, and these features serve as a basis for search and 
retrieval of items. Cowan (47) gave a rigorous analysis of retrieval in the case 
where items are taken from two categories, based on the idea of differing associa- 
tive strengths between items. And Albert (1) has analyzed interresponse times in 
the output of a learned list in terms of a linear death process, which he applied in 
a continuous form and also as a discrete-time urn model. 


The role of short-term memory.—The role played by STM in memorizing for 
recall has been investigated in several studies. A major achievement of these 
analyses has been the development of a rigorous explanation of the serial position 
effect. Primacy is explained by the occurrence of extra processing of items studied 
at the beginning of the list, when STM is relatively uncrowded. Recency is ex- 
plained by the fact that items studied at the end of the list are likely to still be in 
STM at the time of the test. Particular models embodying this general explana- 
tion differ to some extent. Waugh & Norman (235), Atkinson & Shiffrin (9), 
Norman & Rumelhart (161), Bower (28), and Reitman (183) assumed that STM 
is a discrete stage of processing, while Bernbach (17, 18) and Laughery (137) 
postulated a single memory system with a rehearsal process that has the property 
of making rehearsal more likely for recently presented items. Another difference 
is that Norman & Rumelhart (161) and Laughery (137) assumed that items are 
represented in STM as feature lists, thereby providing an explanation for effects 
of similarity, especially regarding intrusions. An alternative analysis of the serial 
position effect, based on concepts of retroactive and proactive inhibition, was 
given by Kuno (131). And Thomas (222) analyzed serial position effects with con- 
cepts from information theory. 
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Serial recall— When the subject’s task includes recalling items in the order of 
their presentation, theoretical analysis requires assumptions about the way in 
which information about order is stored and retrieved. In Laughery’s (137) model, 
the data structure representing each item includes a substructure that holds the 
name of the following item. Thus order information is represented as a feature, 
capable of being lost from memory in the same way as other features of the item. 
Feigenbaum & Simon’s (78) analysis of serial recall, based on the idea of a dis- 
crimination net, assumes that when a series cf tests has been carried out, terminat- 
ing at a node containing a response image, Information that is stored along with 
the response image specifies the series of tes:s to be conducted to obtain the next 
item. And Lander (134, 135) has analyzed in-erassociations in serial learning from 
the standpoint of McGeoch’s remote associates hypothesis. 


Serial pattern learning —We have all been aware, at least since Lashley’s (136) 
convincing argument, that performance of many serially ordered tasks depends on 
an organization more sophisticated than _tem-to-item linkages. Vitz & Todd 
(233) have analyzed learning of binary sequences, concluding that events are 
encoded as runs of homogeneous events, ard the structure that is acquired is a 
hierarchy involving runs of runs at each level. Restle (189) and Restle & Brown 
(190) have analyzed serial pattern learning cf sequences of the numbers 1-6. Sub- 
sequences of short runs (e.g. 2345) and trills (e.g. 2323) are frequent bases of en- 
coding, and sequences with hierarchical structures of these subunits are easily 
learned. Hierarchical structures are formed when movement from one subunit to 
the next can be accomplished using a transformation such as repetition, trans- 
position (repeat the subunit with each element moved up or down by some fixed 
amount), or reflection (repeat the subunit, but with each element replaced by the 
element equally far from the opposite end of the array). 

Simon & Kotovsky (204) analyzed the -nduction of a pattern from part of a 
letter sequence, postulating that subjects induce rules for generating the sequence 
based on relationships of identity and adjacency in the alphabet between entries 
in the sequence that are adjacent, or separated by one, or by two, and so on. 
Gregg’s (95) analysis of sequential concep: acquisition using patterns of switch 
settings provided information about the ways in which relations between patterns 
are encoded, as well as generating rules varying in complexity. Gyr, Brown & 
Cafagna (97) investigated models for indacing sequential patterns differing in 
the level of abstraction of hypotheses coasidered by the subject. Bjork’s (22) 
analysis of the learning of arithmetic sequences assumes that rules induced by the 
subject may be constant (add or subtract n) or advancing (add or subtract one 
more than last time), and each component zule in the sequence is added to cogni- 
tive structure in an all-or-none fashion. 


LEARNING TO RETRIE“E ITEMS ON CUE 


After a paired associate is memorized, the subject is able to retrieve and per- 
form the response term of the pair when the stimulus term is presented. Recent 
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studies, following on prior analyses showing that in many experimental proced- 
ures memorizing of paired-associates is approximately an all-or-none process 
(see Estes 66), have provided more detailed analyses of the process of memorizing, 
or have considered situations in which the learning process has more than one 
stage. 


The role of short-term memory.—Several analyses using the concept of re- 
hearsal in STM have provided information about the way in which subjects 
adjust rehearsal procedures in relation to aspects of the learning situation. In 
continuous memorizing when the response for a stimulus is changed, the new 
item replaces the old one in STM, providing little interference with rehearsal of 
other items, although when an item with a new stimulus replaces the tested item 
it has approximately the same interfering effect as a new item (6). With a pro- 
cedure requiring overt rehearsal, subjects enter all items in STM, and effectiveness 
of rehearsal is improved in the sense that the rate of information transfer to LTM 
is increased (9). A particularly interesting result was obtained in an experiment by 
Loftus reported by Atkinson & Wickens (10). Procedures were compared in which 
subjects either had to recall a letter response or had the easier task of selecting one 
of two alternative letters presented to them. The analysis indicated that with the 
two-choice procedure, subjects held only one item in STM at a time, entered 
nearly all presented items into STM, and rehearsed relatively efficiently; while 
with the recall procedure, subjects held about three items in STM at a time, about 
one-half of the items presented were not entered in STM, and rehearsal was less 
efficient. 

As an approximation, STM can be represented as a Markov state, with an 
item assumed to occupy that state as long as it is in STM (7). This idea has been 
used in analyzing the greater difficulty of learning paired-associate items in longer 
lists (39), in analyzing perseverative errors in associative learning (14) and verbal 
discrimination (36), and in investigating the effect of spacing between the presenta- 
tions of an item (23, 86). To analyze the effects of test trials given at varying inter- 
vals after study, Young (243) has postulated a system with two levels of STM, one 
of which involves probabilistic retrieval, and Izawa (114) has used the assumption 
that test trials may potentiate the effect of later study trials by causing unavailable 
stimulus elements to become effective. 


Assumption of two learning stages—In especially systematic and thorough 
empirical comparisons of alternative assumptions about paired-associate memor- 
izing by Atkinson & Crothers (7) and by Cotton et al (46), results have shown that 
learning in some situations produces at least three levels of performance. Data in 
the form of sequences of errors and correct responses are unable, however, to 
support decisions between models differing in the subtler details of the way in 
which the performance levels are achieved. Suppes, Groen & Schlag-Rey (215) 
found that a model postulating at least two stages of learning was also required 
to analyze the latency of response during paired-associate memorizing. And 
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Kintsch (120) showed that a two-stage analysis could be used to analyze some of 
the cases in which Rock’s (193) replacememt procedure fails to yield results ex- 
pected from the all-or-none assumption. 

Analyses involving two postulated stages of learning are especially useful if 
there are hypotheses and supporting empir:cal results that specify the nature of 
the stages. One class of analyses has considered stages of learning relating to 
responses. Crothers (48) analyzed learning of associations with compound re- 
sponses; the stages of learning corresponced to associating the response com- 
ponents with the stimulus. Bower & Theios {31) analyzed learning after change of 
response for a paired associate, where the irst stage was unlearning the first as- 
sociation, made incorrect by the response change. Millward (149) and Nahinsky 
(156) examined a learning system in which. the subject learns not to give certain 
responses that are incorrect, thereby improving performance prior to learning the 
correct association. Wolford (240) has assamed that forward and backward as- 
sociations are stored, each in an all-or-none fashion. This idea provides an ex- 
planation of recognition and recall of either stimuli or responses. 

Another class of hypotheses has attributed multiple stages in learning to re- 
quirements for discrimination between items in retrieving stored associations. 
Restle (187) proposed a two-stage theory ia which the first stage is storage of an 
engram or representation of an association. and the second stage is the formation 
of a distinctive trace, based on discovery of a discriminative feature. Polson, 
Restle & Polson (175) used the theory for analyzing a situation where confusions 
occurred between specific pairs of items, so that errors in the second stage were 
identifiable as responses to items similar o the one tested. Analyses using the 
mixed pattern-components model (8) have converged to a similar interpretation. 
Friedman & Gelfand (81) analyzed performance on tests after study of stimuli 
having shared components and different respcnses. The main hypotheses involve 
retention of association between stimulus patterns and their responses. Friedman, 
Trabasso & Mosberg (83) concluded that the learning of an item has two stages, 
and in the intermediate state there is unce-tainty in the retrieval process if there 
are other items with some of the item’s stimulus components. The completion of 
learning involves storing a representation cf the association in which the stimulus 
is an integrated pattern, thus discriminatirg it from other similar stimuli. 

In comparing recognition and recall performance after study of paired as- 
sociates, Estes & DaPolito (69) obtained results consistent with Kintsch & 
Morris’ (125) idea that one stage of learning allows the subject to recognize the 
item, but that a second stage may be needed to permit retrieval. Results obtained 
by Humphreys & Greeno (107) led to a further hypothesis that the first stage is 
storage of a representation of the stimulus=esponse pair as a kind of Gestalt unit, 
and the item is made reliably retrievable -n the second stage. While this idea is 
consistent with certain findings obtained when results of negative transfer experi- 
ments are analyzed (89, 90), there are also experimental results supporting the 
alternative view of Underwood & Schulz (232) that the two main stages of associa- 
tive learning are response acquisition and acquisition of stimulus-response con- 
nections (see Underwood 231). 
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Analyses of discrimination—Several analyses, some mentioned above, have 
recognized stimulus discrimination as an important factor in paired-associate 
memorizing. Some investigators have proposed specific hypotheses about the 
process of discrimination learning. Bower (30) analyzed learning of paired associ- 
ates whose stimuli are ordered on some linear dimension such as size. He showed 
that serial position effects that are obtained can be explained by assuming that 
the effective stimulus is a quantity corresponding to the magnitude of the nominal 
stimulus relative to the adaptation level determined by the set of stimuli. Bower 
also considered implications for learning and transfer of the idea that ordered 
stimuli are represented in a cognitive structure that has the general properties of a 
linear ordering. 

Analyses of paired-associate memorizing based on the concept of a discrimina- 
tion net have been given by Feigenbaum (76) and by Hintzman (101). Hintzman’s 
analysis was particularly thorough and systematic, and had the especially useful 
feature of exploring the limits of the concept of stimulus discrimination in analyz- 
ing variables that influence difficulty of paired-associate memorizing. For ex- 
ample, it appears that appropriate assumptions about stimulus discrimination are 
sufficient to explain a variety of effects involving the number of response alterna- 
tives, spacing between presentations of an item, and interactions between amount 
of practice and interference of both the proactive and retroactive varieties But 
effects of list length on learning difficulty and some salient facts about negative 
transfer appear to require explanation involving other kinds of mechanisms. 


STIMULUS-RESPONSE CONDITIONING 


While studies of classical and instrumental conditioning have not enjoyed re- 
cently the popularity they had in years past, investigations of considerable sig- 
nificance and interest are still being conducted. Research based on quantitative 
models has been carried out on eyeblink conditioning, escape and avoidance con- 
ditioning, instrumental conditioning, and discriminative conditioning. 


Eyeblink conditioning —Eyeblink conditioning in rabbits was studied by 
Theios & Brelsford (220), who found that response sequences had the properties 
implied by a two-stage Markov model of the learning process. In eyeblink condi- 
tioning with human subjects, some results agree with the Markov model proposed 
by Bower & Theios (31), but Prokasy and his co-workers have found a slightly 
more complex form of the learning process—one in which performance remains 
at its initial level for some number of trials, then improves by an incremental 
process toward asymptotic performance. A model originally introduced by Nor- 
man (162) has parameters that give four measures of performance and learning: 
the initial level of performance, the number of trials before performance begins 
to change, the rate of change in performance once it starts changing, and the 
asymptotic level of performance. The model has been applied to analyze effects 
of the intensity of an unconditioned stimulus (180), as well as effects of inter- 
stimulus interval and the difference in performance between subjects classified as 
voluntary and involuntary responders (181). The model has also been useful in 
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separating the learning and performance effects of certain drugs on conditioned 
responding in rats (234). 


Shock-escape and avoidance conditioning.—The two-stage Markov model has 
also been used in analyzing shock-escape traning (31, 216), and has provided an 
analysis of the effects of overtraining and suczessive reversals on reversal learning 
in a shock-escape T-maze (217). The process of conditioning an avoidance re- 
sponse also has been studied with the two-stage Markov model (31). Theios & 
Brelsford (221) found evidence that the first stage of learning is the conditioning 
of the instrumental response of running when frightened, while the second stage 
involves storing a permanent record of the association between the conditioned 
stimulus and the emotional arousal response. A series of experiments conducted 
by Brelsford (33) tested specific implications of Theios & Brelsford’s interpreta- 
tion of avoidance conditioning, and provid=s excellent examples of the way in 
which specific quantitative theorizing can generate innovative experimental pro- 
cedures as a means of providing strong tests of hypotheses. Theios (219) has 
provided an informative review of analyses of aversive conditioning carried out 
in his laboratories. 

Gibbon (85) has investigated free-operant avoidance in some detail, with par- 
ticular emphasis on how asymptotic respond-ng is sustained. In his view, asympto- 
tic behavior can be treated as a combination >f reconditioning and extinction, and 
he derives predictions of both interresponse and intershock intervals on the basis 
of a finite state (semi-Markov chain) interpretation of behavior at asymptote. 


Instrumental conditioning. —Norman (167) analyzed instrumental conditioning 
as reflected by changes in interresponse time distributions as a function of sched- 
ules in which reinforcement probability is contingent on interresponse time. In 
his analysis of asymptotic interresponse time distributions under random ratio, 
variable interval, and DRL-like schedules, Norman assumed that nonreinforce- 
ment of a response increases the likelihood 3f long interresponse times, and that 
the reinforcement of a response characterized by a particular interresponse time 
t both increases the likelihood of short irterresponse times and increases the 
likelihood of interresponse times about equal to t. 


Discriminative conditioning. —Nearly all -ecent theoretical work on instrumen- 
tal conditioning has been carried out witt respect to situations in which dis- 
crimination plays a major role. Several approaches have been used in analyses of 
discrimination learning. 

Lovejoy (140, 141) gave a thorough discussion of experimental findings con- 
cerned with attention in discrimination leerning, and used these as a guide in 
developing assumptions of a theory. The theory, in which reinforcement influ- 
ences the tendency to attend to the various stimulus dimensions and the strength 
of response associated with individual stimulus properties, was shown to be 
consistent with many facts in the complex and often puzzling literature of dis- 
criminative instrumental conditioning. 
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Other investigators have applied assumptions of discrete changes in state in 
analyzing discrimination learning. Clayton (41) analyzed the learning of a simple 
spatial discrimination in terms of the three-state version of all-or none learning 
stated by Greeno & Steiner (94). He examined in some detail the influence of 
several experimental variables, such as magnitude of reward and correction or 
noncorrection, on the transition probabilities in the model. In general, Clayton 
found support for the notion that such simple discriminations are learned in an 
all-or-none fashion, and he was able to demonstrate that events following a 
correct response are the primary determiners of the probability of transition 
to the learned state. 

Another analysis using discrete changes in state was given by Lee (138), who 
assumed that each discrete stimulus used or each point on a stimulus continuum 
is in one of two states, conditioned to one of the response alternatives, and 
stimuli similar to one given on a trial have relatively high probability of changing 
state because of reinforcement given on the trial. Analyses have also been given 
in which the subject is assumed to go through discrete changes in state regarding 
the discrimination learning problem. Massaro (145) postulated a three-state sys- 
tem with the subject having either an appropriate or inappropriate strategy or 
being unconditioned. In a theory by Lynn (143), used to analyze discrimination 
by monkeys, it was assumed that the subject either has learned the correct 
response for a problem or is in the unlearned state, but throughout the problem 
there is a probability of not attending appropriately to the stimuli. 

Analyses based on the idea that learning involves gradual quantitative change 
have been given by Holman (103, 105), who has been concerned with the relative 
effects of reward and nonreward on simple discriminative learning in rats. In his 
view, in order to isolate the functional form of the learning process one needs to 
untangle the effects of reward and nonreward, which are intertwined under 
normal circumstances. Holman has found (105) that when response probability is 
low events that increase response probability (reward) are more effective in 
changing behavior than are events that decrease response probability (non- 
reward), and when response probability is high the opposite is true. Holman 
(103) interpreted spontaneous alternation in the T-maze running of rats in terms 
of the differential effects of reward and nonreward, and he derived predictions of 
alternation behavior on the basis of that interpretation. 

Durup (52-55) has also developed techniques for measuring changes of 
different kinds that occur during discrimination learning. The basis of the analysis 
is a model of choice behavior in which choice occurs in several stages, making 
the response a result of a random walk process (26, 63), and the model permits 
separation of learning to approach a positive alternative from learning to avoid a 
negative alternative. A particularly interesting development is Durup’s inter- 
pretation of the stages of choice in the random walk model in relation to theoreti- 
cal processes of attention, memory, and decision (56), thus connecting the 
random walk model with theoretical analyses like Lovejoy’s (140, 141). 

Classical continuity theory has been used by Spiker (207) as the basis for an 
extension of Hull-Spence discrimination learning theory. And Wolford & Bower 
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(241) have shown that some empirical results thought to oppose continuity 
theory are compatible with it. 

A final example of theoretical work on discriminative conditioning is the 
work of Boneau & Cole (25), who used the iceas of statistical decision theory to 
analyze asymptotic performance in discrimimative conditioning. They assumed 
that stimuli have variable effects, so that a given effective stimulus is associated 
with reinforcement probabilistically, and decisions whether to respond depend 
on the value of the reinforcement, the cost cf responding, and the remembered 
frequency of reinforcement on past occasions of the effective stimulus. 


Acgurrinc INFORMATION FOR CHOICE AND DECISION 


The extensive theoretical work on sequential choice behavior during the last 
decade or so is a topic worthy in and of itself for an Annual Review chapter. The 
situations studied have involved discrete responses and response continuums, 
learnable and nonlearnable sequences, contingent and noncontingent outcome 
schedules, and variations in reward and reward schedules. Fortunately, there exist 
three excellent review articles that cover essentially all of the quantitative 
theorizing in this domain. In his article on >robability learning in 1964, Estes 
(67) reviewed developments up to that point. Myers’ systematic article in 1970 
(155) gives an overview of theoretical work on sequential choice behavior and 
covers his own extensive work on the topic ia some detail. Finally, Estes’ recent 
theoretical review (68) of probability learninz provides an integrative review of 
theoretical developments up to the same poin: in time as our review. 

We will not review in sketchy form here the material reviewed so well in the 
three articles mentioned above. Rather, we refer the reader to those articles, and 
confine ourselves to a remark that the theosetical developments in the area of 
sequential choice behavior are an important component of the emerging psychol- 
ogy of learning and cognition that is pointed to in the introduction to this chap- 
ter. As Myers (155) emphasized, probability earning was interpreted almost ex- 
clusively in a conditioning framework until tre middle 1960s. Since that time, an 
ever-increasing number of theories of sequential choice behavior emphasize 
cognitive processes such as encoding, chunkiag, hypothesis testing, and so forth. 
Thus, during the last decade, theorists have shifted their attention from the way 
in which response probabilities change with reward or nonreward to the way in 
which information processing mechanisms Cetermine, on the basis of the past 
sequence of events, the current choice or series of choices. 


LEARNING CLASSIFICATION RULES 


Single dimensional rules. —In experimenta. tasks requiring subjects to classify 
stimuli into categories, learning is mainly the-acquisition of a rule relating prop- 
erties of stimuli to response. A substantial number of studies have been carried 
out in relation to Restile’s (185) rigorous development of the idea that rule learn- 
ing involves selection from a set of possibilit:es. Bower & Trabasso (32) derived 
many theorems about statistical properties o” data and carried out a number of 
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experiments giving startlingly good empirical support for the model, especially 
regarding the counterintuitive assumption that sampling from the hypothesis 
set occurs with replacement. Further work by Trabasso & Bower (228) provided 
thorough analysis of the implications of the idea of learning by selection for situa- 
tions involving transfer of training, variation in cue salience and number of irrele- 
vant cues, and overtraining. A clarification of a basic mathematical property of 
the model has been given by Fisher (79). Cotton (45) has given a substantive 
extension of the model dealing with dependence of response prior to solving the 
problem on trial-to-trial relationships between stimuli. 

Falmagne (72) presented an analysis based on assuming that performance 
improves gradually over trials according to a linear operator, but at some random 
trial the solution is found and the correct response is known for all stimuli. In 
another analysis, Falmagne (74) assumed that sampling weights of hypotheses 
are altered by confirmations and disconfirmations that occur. Her analysis 
also provides a way of estimating the probability of resampling after errors and 
correct responses, and the frequency of a passive state in which subjects respond 
on the basis of no hypothesis about the classification rule. The statistical methods 
were used to test hypotheses about effects of the intertrial interval used in concept 
identification (75). 

Several analyses have been given dealing with the role of STM in the process 
of learning a classification rule in a concept identification experiment. Trabasso 
& Bower (227) showed that results obtained when the relevant dimension shifts 
after every other error refute the assumption of sampling with no memory, and 
proposed an assumption that subjects remember stimulus characteristics on 
successive trials and then for three or four trials avoid sampling cues that are in- 
consistently paired with responses. Gregg & Simon (96) described four alternative 
theories, varying in depth of memory storage during concept identification; their 
estimates of the memory parameter indicated relatively weak use of memory by 
subjects. 

Two theories have been proposed asuming that the role of memory in concept 
identification primarily involvesretention of informationabout hypotheses that the 
subject is considering as possible solutions. Chumbley (40) analyzed solution of a 
four-dimension problem, assuming that the subject considers all four possible 
dimensions, eliminating hypotheses on the basis of stimulus information, but 
sometimes losing track after errors. The frequency of losing track of the hypothesis 
set was found to increase with shorter intertrial intervals and with a requirement 
of dealing with three concurrent problems rather than a single problem. Wickens 
& Millward (239) analyzed solution of a 12-dimension problem by practiced 
subjects. They concluded that subjects have STM capacities varying from one to 
four for hypotheses under active consideration, and when all hypotheses in STM 
have been eliminated those possiblities are kept out of the set available for 
sampling. On the other hand, there is a limitation on the number of eliminated 
hypotheses that the subject can remember, so that some eliminated hypotheses 
eventually return to the set of potential solutions. 
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Multidimensional rules-—Analyses have also been given for acquisition of 
conceptual rules more complex than those inwolving a single stimulus dimension. 
The simplest case involves learning a four-way classification consisting of a two- 
by-two table of binary dimensions. Trabasso & Bower (226) analyzed this case as 
independent selection of the two relevant stimulus attributes. Nahinsky (157) 
analyzed learning of conjunctive classification, assuming that acquisition occurs 
on the basis of sampling from the set of two-cue combinations, with focusing 
occurring on both positive and negative instances, and retention of the first 
stimulus-response pair shown in the experiment. Another analysis of concept 
learning based on the idea of hypothesis sampling was given by Joyner (118), who 
considered solution of a problem in which three players individually give num- 
bers, with the goal of having the sum of their numbers equal a target number. In 
this case the elements of the hypothesis set reflect the subjects’ knowledge of 
basic arithmetic operations. 

As an alternative to the assumption of selection from a set of hypotheses, an 
assumption that positive and negative instances are stored and then scanned to 
find defining properties also has been used ir analyses of concept identification. 
Hunt & Hovland (111) gave an analysis using this idea, including the assumption 
that a limited set of dimensions is used in the scanning process at any one time. 
Johnson (116) presented a more elaborate system, with a mechanism for select- 
ing among subclasses of stimulus attributes or consideration, and special sub- 
routines for attempting to find conjunctive and disjunctive solution concepts. In a 
somewhat more formal analysis, Mott & Ross (152) described an algorithm for 
generating a list of possible concepts from a set cf positive and negative instances 
based on the logical theory of implicants of an incomplete truth function. 

Hunt and his co-workers have given analyses of the process of learning rules 
for classification, using the powerful conceptual method of representing the ac- 
quired concept as a decision tree (108). Hunt, Marin & Stone (112) tested systems 
varying in their sophistication in choosing stimulus items for test as well as in the 
amount of memory that was given to the system. Studies of the efficiency of the 
systems were carried out, as well as comparisons of simulated concept learning 
with performance by human subjects. Hunt (199) examined further variations 
regarding the method of selecting attributes for test and for assigning a label 
when an instance is encountered that is not specified on the basis of earlier learn- 
ing. 


Classification in associative learning —Some attention has been given to the 
process of acquiring a classification rule duzing the course of paired-associate 
memorizing, when relationships among items can be used to simplify the task by 
grouping related items that have the same response. The situations studied have 
used the conditions of short lists and few response alternatives so the process of 
associative learning is approximately all-or-ncne. Then the transfer of association 
to new instances appears also to be an all-or-none process (92). The process of 
acquiring a category rule has been analyzed by Batchelder (11) as an all-or-none 
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process, and data appear to favor that idea over the mixed pattern-components 
model of stimulus sampling theory (12). 


FORMAL ASPECTS OF MATHEMATICAL MODELS 


In this final section we will first present a brief classification of types of 
mathematical learning theory, based on their mathematical properties rather 
than their substantive assumptions. Then we will review contributions to theory 
of a primarily methodological nature, concerned with formal properties of 
models, including issues involved in evaluation. 


Tyres or THEORY 


A major dimension of variation among mathematical theories of learning 
involves the degree to which specific mental processes are postulated. At one 
end of this continuum are quantitative descriptions of performance, where the 
only theoretical entity is response probability. Experimental events (trials) have 
effects on response probability represented by operators, and effects of experi- 
mental variables are represented by changes in the values of parameters of the 
transformational operators. Theories that specify characteristics of psychological 
process and structure in more detail provide fuller explanation of performance, 
but more importantly give more exact understanding of the system studied. We 
differ from some commentators (96) who seem to see discrete categories of 
theory, such as “stochastic models,” that are different in kind from “process 
models” or other similar dichotomies. Our view is that various theories about any 
process will vary both in their degrees of specificity and in the kinds of specific 
process assumed. Furthermore, the amount of specificity built into a theory at 
any stage of knowledge represents an important dimension of research strategy. 
And since research strategies apparently pay off more or less randomly, it is 
almost surely to the benefit of science that different investigators tend to choose 
different strategies, so the scientific community has what amounts to a portfolio 
of strategies in order to benefit from whatever advantages the various approaches 
may have for different problems at various stages of progress. 

While theories differ in specificity in a more or less continuous fashion, there 
are some benchmarks. One step toward specificity is an assumption of a state 
space, with different levels of performance associated with the various states, 
and learning represented as transition among the states. More specificity is 
achieved in a stochastic model in which the states are interpreted as conditions 
of cognitive status, such as those given in Figure 1 of this article, or as stages of 
learning or problem solving involving specific cognitive achievement such as stor- 
age of representations. Even more specific assumptions are made in some theories, 
often in connection with the need to specify processes sufficiently so that an 
operating computer program can be written in an available programming lan- 
guage. It is reasonable to suppose that some of the processes described summarily 
in an information-processing theory, such as scanning a list and comparing with 
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a test item, might be described in some detail in a theory dealing with processes 
in a more molecular way. 

In our view, there is no argument against the goal of describing cognitive 
processes in more specific ways, as well as having descriptions that apply to a 
wide variety of situations in which learning and other cognitive processes occur. 
At the same time, significant questions remain as to optimal strategy to be used 
at any given stage of theoretical progress and empirical knowledge about the 
processes that occur in accomplishing various tasks. Given the empirical knowl- 
edge that is available regarding a process, some possible statements of hypotheses 
are so general that their likelihood of falsification in data is negligible, and they 
probably have poor prospects for providing a basis for significant new knowledge 
and understanding. At the same time, other possible hypotheses involve so many 
detailed assumptions that go beyond avaible empirical evidence that they are 
sure to be refuted in their first confrontation with data. While it can be instructive 
to see a combination of assumptions that are mutually consistent and capable of 
giving successful performance on a complex task, it remains the task of science 
to develop testable hypotheses that can te challenged meaningfully in experi- 
ments, and an overabundance of detail in a theory can often preclude the use of 
experimental findings in guiding modifications of theory toward more accurate 
description. These cautions notwithstanding, we suspect thai the current state of 
knowledge about learning is such that quize a variety of theoretical approaches 
are likely to lead to meaningful advances :n knowledge and understanding, and 
we are encouraged by the relatively broad tand of degrees of specificity in current 
theoretical work. 


MATHEMATICAL AND STATISTICAL STUDIES 


A considerable number of investigatioas have occurred where mathematical 
models are studied from the point of view cf their general properties or statistical 
considerations involved in their application. Norman & Yellott (170) investi- 
gated properties of models that lead to probability matching, and convergence 
and limit properties that follow from several general assumptions about learning 
operators have been studied by Norman and others (104, 147, 164-169, 242). 
There have also been analyses of families of learning operators characterized by 
properties such as commutativity (142, _44), and generalizations of discrete 
models, such as those deriving from stimulus sampling theory, as continuous- 
time processes (4, 51, 213). 

Suppes (210) studied asymptotic properties of learning systems formulated 
on the basis of stimulus-response principles, and showed that they can have 
limiting properties that make them isomorphic to finite automata with many of 
the characteristics needed to describe language and other complex behavior. 
Discussion of the status of this result by Arbib (3) and Suppes (211) has empha- 
sized the importance of determining the number of states needed to produce per- 
formance that people show when they use anguage. 

Both the linear model and the all-or-none model have been the topic of 
mathematical studies. Some analyses have generalized the linear model (21, 113, 
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165), and several mathematical studies of the all-or-none model have been carried 
out. Two aspects of the all-or-none assumption have been distinguished, with 
several investigators noting that stationarity of performance before learning and 
constancy of the probability of learning involve separate assumptions (73, 177, 
188, 196). Rouanet et al (196) have given careful discussion of the way in which 
individual differences can influence tests of the all-or-none model. An especially 
promising development has been the use of the all-or-none model (119, 205) and 
other more general models (49) in the analysis of item-presentation sequences in 
order to develop presentation strategies that optimize learning efficiency. 

A considerable literature is developing dealing with technical matters such as 
parameter estimation and evaluation of learning models. Bernbach (15) and 
Millward (150) have given general methods of deriving empirical predictions 
from Markov models. General discussions of estimation have been given by 
Holland and Kraemer (102, 126-128). A thorough discussion of all-or-none 
parameters by Polson (176) deals with estimation as well as tests of hypotheses. 
Theios (218) has given a method of estimating performance parameters and trials 
of transition appropriate for experiments having many responses in each subject’s 
sequence of performance. Regarding evaluation of models, Rouanet (194) has 
given an analysis based on relationships between models that deal with varying 
degrees of fine-grainedness in the partition of experimental events, and Regnier 
& Rouanet (182) have shown that different interpretations of all-or-none learning 
can be distinguished empirically by moving to a finer partition of events in 
which a subject’s complete performance is considered. Questions involving statis- 
tical tests of goodness-of-fit continue to be raised (96), and Kraemer (129) and 
Hanna (98) have proposed alternatives to the standard and still much-used 
indices such as goodness-of-fit chi square. 

Investigations have been made of the kinds of inference that can be justified 
on the basis of experimental data. Richard (192) and Jonkheere (117) have con- 
sidered examples in which different psychological processes can lead to identical 
empirical predictions and thus not to distinguishable in data. A specific form of 
of this problem arises when a mathematical model has more parameters than can 
be identified on the basis of data from specific kinds of experiments, and several 
models have been analyzed regarding the identifiability of parameters (7, 86, 88, 
91, 93, 94, 208). 


TEXTBOOKS 


Texts by Galanter (84) and Greeno (87) have been written for beginning 
undergraduates with emphasis on systematic theory and inclusion of mathe- 
matical models of learning. For more advanced undergraduates or beginning 
graduate students, Atkinson, Bower & Crothers’ (5) text presents the basic con- 
cepts of stimulus sampling theory, includes application to a number of problems, 
and gives considerable attention to techniques of use. A book of problems by 
Batchelder, Bjork & Yellott (13) is available. Rouanet’s (195) text also introduces 
basic concepts of stimulus sampling theory, and provides an excellent introduc- 
tion to the theory of conditioning on a continuum of responses. Restle & Greeno’s 
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Several criteria have guided our selection of publications for review. With 
rare exception, we have included reports published during 1970-71 of avowedly 
psychological and empirical research on more than a single case. The topic of 
research is either counseling, the people who engage in it (e.g. as counselor or 
client), or both. Rare exception is exemplified by articles in professional journals 
containing the words “counselor” or “counseling” in their titles. If the Journal of 
Counseling Psychology is disproportionately represented, it is because the bulk of 
exhibits meeting the above criteria were published there. Alternative criteria of 
selection must be at least as arbitrarily imposed. As will become evident, counsel- 
ing is the label attached to a conglomerate of activities that otherwise have little 
in common with each other. To identify counseling further as a helping activity 
is simply to align it with a host of events with other labels (e.g. therapy, social 
service, education, the ministry, the law, etc). In that students are most often 
designated as the recipients of counseling, their “development” is also consid- 
ered. Two years ago, student development research was extensively covered, with 
proportionately less space devoted to counseling (81). Again, we have arbitrarily 
partitioned our review into publications on counselor role, paraprofessionals, 
clients, and process-outcome research. Some topical overlap is inevitable. 


COUNSELOR ROLE 


In sociological usage, a profession is “a high-status occupation composed of 
bighly trained experts performing a very specialized role in society” (140). Many 
traditional roles of this sort are presently being challenged and modified, how- 
ever, under pressure from dissident groups operating within as well as outside of 
professional organizations. Whether all who call themselves counselors could 
legitimately claim expert status or even want to, the identification of counseling 
as a profession has long preoccupied many persons. For them, the definition of 
counselor role has been an attendant concern. Because or in spite of impetus 
toward redefinition, counselor role continues to be a topic of considerable in- 
terest. 

During 1970-71, for example, five surveys relating to this topic were reported 
(1, 7, 56, 114, 157). These were in the pattern of research conducted by Warman 
in the early 1960s (151, 152); in two of the recent studies, his instruments and 
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procedures were used with but slight modiication (114, 157). Although there are 
some differences in results obtained from the earlier and later surveys, similarities 
in the two sets of findings are the more striking. Warman found that counselors 
identified personal adjustment problems as the most appropriate type for clients 
to present in counseling. Other campus greups—students, faculty members, and 
other student personne] workers—had different ideas. Ten years later, counselor 
priorities were unchanged and still different from those of others in the university 
community. Wilcove & Sharp (157) found that students, unless they had had 
previous experience with the counseling center, rated problems of handling col- 
lege routine as most appropriate, vocational development problems next, and 
finally those of personal adjustment. Resnick & Gelso (114) discovered that 
although all groups sampled viewed ‘adjustment to self and other” problems as 
more acceptable for counseling center personnel to deal with than did groups 
surveyed a decade earlier, counselors still rated these problems as more appro- 
priate than did any of the other groups. 

Harman (56) developed a questionnairz in which former clients were asked 
to evaluate the services they received. The evaluation form was based on the 
Missouri Diagnostic Classification plan (23). In response, the former clients 
diagnosed their problems as follows: vocational (58%), personal (29%), and 
educational (13%). But when asked the cause of these problems, 44% of the 
clients identified lack of information about self and 34% indicated conflict within 
self. It seems plausible to assume that many counselors would interpret the latter 
kinds of troubles as personal problems. Clients and counselors, at least, may not 
differ markedly in their ideas of problems <o be solved through counseling. This 
view of things is further supported by the ändings of Wilcove & Sharp (157), as 
reported above. 

However, the discrepancy remains betw2en what counselors think they do and 
what nonclients regard as appropriate for counseling. For example, Bartlett & 
Thompson (7) found a discrepancy in perception at the high school level compa- 
rable to that revealed at the college level (114, 151, 152, 157). By means of a 
semantic differential technique, counselors’ and superintendents’ perceptions of 
counselor performance in 11 skill areas were compared. Although there was 
considerable agreement between the two groups over the counselors’ preparation 
and qualifications, there was disagreement on how well the counselors were pre- 
pared to handle “personal-social” counseling. Superintendents rated the counse- 
lors as less well prepared in this area than counselors rated themselves. According 
to the authors, counselors believed that in tae personal-social area “they received 
their best training or at least view it as their primary and most important func- 
tion.” 

Anderson’s (1) survey compared 219 ccllege or university counseling centers 
on the basis of institution size and services cffered. The number of services offered 
did not vary much in terms of the size of tae institution, but there were notable 
differences in kind of services offered. Larzer schools were more likely to offer 
long-term therapy for emotional problems and to extend thier services to non- 
students. Smaller schools were more likely o offer programs not directly related 
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to counseling, such as a student loan service. The major areas of agreement in 
services offered across schools regardless of size were: (a) counseling for personal 
problems, 96%; (b) counseling for study problems, 92%; and (c) counseling for 
choice of major field, 91%. These results reported by counselor center directors 
are consistent with those from the other surveys reported. Counselors, in high 
school and college or university settings at least, perceive their main responsi- 
bility to be one of counseling with clients who have personal problems. This as- 
sessment is not always shared by others, particularly faculty and others in the 
community who are likely to be in a position to refer clients. 

All of these surveys indicate a generally conventional view of the counselor’s 
role in educational settings. For example, Anderson (1) reports that few schools 
added much to his list of 30 services. Additions of interest included “special test- 
ing programs such as screening campus police” (6 schools reporting), and “‘spe- 
cial programs for disadvantaged” (3 schools reporting). 

From the reviewers’ perspective, an adequate consideration of the role of the 
counselor must include the question of ethics. More attention has been devoted 
to this topic in the last several years, but this has not generated questions amen- 
able to empirical test. Long & Impellitteri (85) edited a special edition of the 
Personnel and Guidance Journal with 16 articles, none of which was empirical. 

Two discussions of counselor role from an ethical-philosophical point of view 
deserve mention here—those of Lowe (86) and Gelso (43). Though not empirical, 
these are thoughtful contributions from which ideas might be incorporated into 
the design of process/outcome studies. Lowe (86) asks serious questions about 
professional help, its moral implications, and the treatment values of the counse- 
lor. Lowe presents four dominant conflicting value models or roles assumed by 
contemporary counselors: humanistic, naturalistic, social, and existential. He 
views the counselor as a new source of moral authority (a view no doubt rejected 
by many counselors yet nonetheless acted upon; see Counseling as Behavior 
Modification) but at the same time believes the task of the counselor to be one of 
helping the client to achieve personal freedom. Gelso (43) goes to the heart of the 
determinism-free will issue and its relation to the counselor as scientist-practi- 
tioner (106). The counselor must somehow resolve a central human dilemma— 
whether a person need view himself as subject or object so as to become an inter- 
nally consistent individual. Solution in the ascientific direction of free will results 
in a different view of the counseling process, and the counselor’s role in it, than 
a solution in favor of determinism. Gelso suggests a way out of the dilemma by 
stating that “subjectively experienced freedom serves as a critical determinant of 
human behavior,” and cautions against counselors’ accepting a behavior model 
formed solely from either extreme on the free will-determinism continuum. 

Pepinsky (103) earlier questioned the ethics of indiscriminate behavior 
modification and other forms of social intervention. For instance, if a therapist 
acts deliberately to alter the behavior of person A for the sake of person B, he 
may be placing himself in an ethically indefensible position. Ullmann (148), who 
cites this argument, indicates that such intervention often occurs in child therapy, 
work with retardates, and correctional procedures with criminals and hospitalized 


120 PEPINSKY & MEARA 


schizophrenics. And he further states that the counselor is on ethically difficult 
grounds “whenever a change in the person receiving therapy will have an effect 
on another person.” 

Such discussions (43, 75-77, 86, 103, 145) pose important issues about power, 
influence, and control in counseling, along with the delicate ones of when the 
professional counselor may be taking too much for granted about what is good 
for other persons and when he is legitimately entitled to exercise his special knowl- 
edge on their behalf. Work in behavior modification has made these issues espe- 
cially prominent (e.g. 77), but as yet few empirically answerable questions related 
to them have been asked. And with rare exception (89, 103-105), prior epistemo- 
logical questions, such as how we are to know when psychological treatment of 
any kind his been “effective” or “successful,” are never even raised. 


TRAINIEG 


Arbuckle (4) argues that one’s view o7 appropriate counselor education is 
directly related to one’s model of man. Again, however, research on counselor 
training during the period covered by this review is based-less on important philo- 
sophical considerations about man and more on how to teach techniques or pro- 
cedures that are assumed to produce “effective counselors.” Often these assump- 
tions, if stated at all, are unwarranted; much of the research itself suffers from 
lack of careful conceptualization about whet is involved in counseling and train- 
ing. Hansen & Warner (55), in their thoughtful review of research on practicum 
supervision, indicate further that the exper.mental designs of most studies need 
refinement before important claims about training may be considered to be sup- 
ported by empirical evidence. There are many questions about training that need 
to be articulated in this fashion. These incluce the role of supervision, the methods 
of supervision and training, the effects of taese methods on the trainee, and his 
subsequent participation as a counselor in the counseling process. Although more 
rigorous conceptualization is needed, there have been many exploratory studies 
concerned with this topic, and professionel interest seems high. Much of this 
research has been pre-experimental or correlational in design (24). Hansen & 
Warner (55) also found this to be the case in articles on practicum training from 
1960-1969, which they reviewed. 

Many studies suffer from recourse to cuestionable measurement constructs 
or instruments. Sometimes trainee performance is measured in terms of criteria, 
e.g. self-report, that have not been as yet clearly related to counseling process and 
outcome. Often, too, the experimental treatment is vaguely defined. Some of 
these studies will be reviewed briefly to indicate the status of research on training 
and problems suggested by it that seem to merit further consideration. 

Myrick & Pare (97) investigated the effects of group sensitivity training within 
a counselor education program. They employed a control group and a pre- 
posttest design. It was hypothesized that participation in the group experience 
would have a positive effect on participant self-concept and increase his effective- 
ness in offering the much heralded “core dimensions” of empathy, warmth, and 
genuineness during counseling. Measures uzed were the Tennessee Self-Concept 
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Scale (39) and judges’ ratings of audiotape excerpts from a counseling session in 
which the subject served as counselor (Truax scales, 142). Since there were no 
significant differences between experimental and control subjects, the hypothesis 
was not supported. 

Monke (94) investigated the use of systematic desensitization to reduce the 
anxiety of beginning counselors before their first interview. Subjects were mem- 
bers of an NDEA institute and were randomly assigned to a treatment or control 
group. The study utilized a posttest design in which dependent measures were 
self-report, tape evaluation, and physiological measures. The experimental treat- 
ment consisted of two sessions of body relaxation followed by five sessions of 
desensitization to a level of anxiety manifested in the first interview. Results indi- 
cated no significant differences on tape evaluations or physiological measures. 
Only in its self-reports did the experimental group reveal significantly less anxiety 
than control subjects. 

Both this study (94) and one by Mazer & Engle (87) raise the question of 
“placebo effect” in counselor training. Mazer & Engle (87) investigated attitude 
change on the part of counselor trainees. Pre-posttest measures were adminis- 
tered to an “experimental” group, i.e. members of a 38-week Guidance Institute 
designed to prepare secondary counselors to work with disadvantaged youth, and 
a “control” group composed of students enrolled in the regular counselor educa- 
tion program. Dependent measures were the Personal Orientation Inventory 
(POI, 128) and a semantic differential (SD) technique. There were no changes in 
the SD scores of subjects in the experimental group; they viewed disadvantaged 
children and their parents much the same after as before the institute. However, 
the experimental group changed more, and from the researchers’ viewpoint in a 
positive direction, on selected scales of the POI. Though both groups made “‘sub- 
stantial gains toward self-actualization . . . larger gains were registered by the 
experimentals in every category.” Differences in amount of gain for each scale 
were statistically significant on two scales: existentiality and feeling reactivity. 
Both sets of results (87, 94) are easily accounted for in terms of placebo effect: 
when individuals receive special treatment and attention, their feelings about 
themselves and the situation are apt to become more positive. More critically, 
neither study indicates that “experimental” treatment has modified trainee at- 
titudes toward or performance in counseling. Monke’s (94) “desensitized” sub- 
jects were not shown to manifest any less anxiety during counseling, and Mazer & 
Engle’s (87) subjects in the special training institute did not change their attitudes 
toward the clientele they supposedly had been prepared to serve. 

A correlational study by Bishop (11) emphasizes the need for caution in 
drawing inferences from ratings provided by those who have undergone psycho- 
logical treatment of any kind (105). Bishop (11) compared counselors’, super- 
visors’, and clients’ ratings of counselor effectiveness; the instrument was the 
Counseling Evaluation Inventory (CED, which uses client satisfaction as a cri- 
terion (84). The clients’ CEI ratings were significantly higher than either the 
counselors’ self-ratings or ratings by their supervisors. As in the above studies 
(87, 94), these results may be attributed to “placebo effect” as much as to in- 
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tended treatment. It is interesting to note that supervisors’ and counselors’ ratings 
were significantly correlated with each other but not with those of the clients. 

Brown (17) indicates that counselors, foo, may be subject to placebo effect. 
In a correlational study of the relationship between counselors’ first impressions 
of clients and case outcome, he used both experienced and inexperienced counse- 
lors and correlated five first impression variables with five outcome variables. 
Though most of these correlations are moderately low, there were significant 
correlations between (a) both experienced and inexperienced counselors’ personal 
liking for the client and their view of their own success with the client and (b) 
experienced counselors’ early assessment of the client’s potential for change and 
their eventual view of their own success w-th the client. Brown legitimately asks 
whether these results are indicative of wish fulfillment and whether they should 
be used in making counselor-client assignments. As Brown notes, “‘if liking has 
an impact on [counselors’] . . . effectivensss, they should be aware of it and 
respond appropriately.” 

Counselor trainers are often interested in personal characteristics related to 
effective counseling. Both “personal charecteristics” and “effective counseling” 
are difficult terms to pin down, and are usually defined quite arbitrarily by the 
investigator for the purpose of his researck. Milliken & Kirchner (93) conducted 
a correlational study (analysis of variance by linear regression) to explore the 
relationships of a counselor’s perceptual defense to his recall of interview content. 
Thirty-nine graduate student counselor trainees who participated as subjects 
watched videotaped simulations of each cf four counseling sessions. The client 
was an actor who portrayed a different emotion in each session. The emotions 
were anger, anxiety, positive affect, and ncrmality. After viewing each tape, sub- 
jects were tested for recall by both objeccive and open-ended measures. These 
results were compared with the counselors’ scores on the IPAT Anxiety Scale 
Questionnaire. There were no significant -elationships between the anxiety and 
open-ended recall scores, but there was a significant relationship between the 
anxiety and overall objective test score. The video role of anger (depicted as 
directed toward the counselor) elicited these combined results most clearly, with 
the normal role also contributing significantly. These findings have implications 
for training, particularly for assessing a potential counselor’s ability to be aware 
of what takes place between him and an angry client. Replication of the study 
with experienced counselors is also indiceted, since they are presumably better 
able to take account of what happens in an interview than inexperienced ones. An 
experienced counselor’s open-ended recali score thus may be the more clearly 
related to his perceptual defense and othe: dispositional attributes. 

Another study related to counselor characteristics is reported by Eberlein & 
Park (32). This was a correlational study cf the relationship between self-concept 
and ideal self-concept congruence and finad performance measures for counselors 
undergoing training in a practicum setting. Although a curvilinear relationship 
is indicated, there is need for extreme caution in interpreting the results. There 
are no validation data to support claims made for the instrument (Counselor 
Practicum Evaluation Form) used by the supervisors to rate counselor effective- 
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ness. In addition, the results are spotty. For example, the curvilinear relationship 
was found for men but not for women, and for day students but not for night 
students. It is also not clear what criteria were used by the supervisors in de- 
termining whether counseling was effective. Areas in which they rated the clients 
were: (a) ability to establish effective counseling relationships; (b) ability to 
assume professional responsibility; (c) interest, effort, and sincerity; (d) inter- 
personal relationships with staff; and (e) overall competence. 

In 1965, Schmidt & Pepinsky (121) observed that use of videotape “seems to 
hold considerable promise for counseling research despite the expense and con- 
tinued technical problems encountered in videotaping and kinescoping.” Some of 
the finest research in this area has since been reported by Kagan and his asso- 
ciates (25, 68-70, 115). The two primary videotape programs developed by this 
group are that for Interpersonal Process Recall (IPS: 68, 70, 71) and Video Tape 
Recall of Affect Simulation (VRAS). In VRAS, clients are confronted with 
films which encourage them to engage in simulated interpersonal relationships. 
While the client is viewing the film, both he and the film are videotaped. The 
videotape is then played back to the client in the presence of his counselor who 
helps him examine his reactions to the film. Interpersonal Process Recall consists 
of a counseling session that is videotaped and a recall session where a clinically 
trained third person or “interrogator” helps the client to examine the dynamics 
of his interaction with the counselor. The purpose of the technique is to accelerate 
client insight and change during counseling. Often the two techniques are com- 
bined to accelerate the process of client confrontation with his own expressed 
feelings. Research on these programs was initially designed to “determine the 
effectiveness of a specific method of using video-technology for the solution of a 
variety of counselor education and teaching-learning problems (69).”” Work has 
progressed to such an extent that the techniques and their variations have been a 
rich source of information about counseling and other interpersonal relation- 
ships. Instruments applicable to both counseling and counselor training have been 
developed. 

One such instrument has recently been described by Campbell, Kagan & 
Krathwohl (25). They report progress on the development and validation of a 
scale to test one’s ability “to detect and identify the immediate affective state of 
another (affective sensitivity).” Subjects view videotaped excerpts from actual 
counseling sessions, and immediately afterward are asked to indicate the client’s 
feelings by selecting one sentence from among three presented in a multiple 
choice format. There are several items for each counselor scene; in this report the 
revised instrument contained 89 items. Although further refinements are planned, 
the scale shows promise of becoming a valuable aid in counselor training and 
selection. As the authors point out, however, it may predict failures better than 
successes; e.g. having empathy with a videotaped client does not necessarily mean 
knowing how to employ it in a counseling relationship. 

There have been other uses of videotape techniques in counselor training (37, 
158). Yenawine & Arbuckle (158) examined the records of two groups of trainees 
and their supervisor in relation to their practicum experiences. One group was 
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exposed to audiotaped playback of their incerviews while the other had recourse 
to videotape. Measures used were self-reports and supervisor evaluations. The 
results indicate that after some initial anxty on the part of the trainees about 
seeing themselves on videotape, trainees end supervisors both agreed that the 
videotaped feedback was superior to that from audiotape. The videotaped feed- 
back group seemed to be more insightful about and aware of the nuances of 
human interaction and seemed more oper. to self-disclosure and self-examina- 
tion. Although the sample is limited and the results are tentative, videotaped 
feedback seems useful in focusing practicum discussion on counselor behavior 
instead of client behavior, and it provides e more complete record for discussion 
purposes. However, the authors note that this kind of feedback week after week 
can become “like television viewing, a very passive and uninvolving experience.” 
This is an important consideration in supervision programs of long duration. 
Videotape, like any didactic technique, may need to be used strategically if it is to 
continue to have a desired impact upon its viewers. 

English & Jelenevsky (37) drew somewhat different conclusions from their 
work. Theirs was a correlational study which investigated the reliability of the 
counselor evaluation process in relation Ko a communication stimulus. Judges 
were six first-year graduate students from a rehabilitation counselor education 
program, who rated counselor empathy from vignettes of counseling sessions 
presented to them by means of three media: audio, visual, and audiovisual. The 
measure of counselor empathy was Carkhıff’s (26) Empathetic Understanding in 
Interpersonal Process scale. When used by judges trained in the use of the scale, 
there was significant interrater reliability, yet no one medium produced distinctly 
higher reliability ratings. The authors interpret these results to mean that claims 
for the superiority of audiovisual tapes in counselor education evaluation are not 
substantitated. Limitations of this researck are that (a) the investigators may not 
be asking the right questions about how CD use audiovisual technology in train- 
ing, and (b) first-year graduate students may not qualify as bonafide supervisors. 

A well-designed experimental study (3+) assessed the effect of four treatment 
conditions upon subjects’ responses to client statements. The clients were actors 
and their comments were prepared from. typescripts and audiotapes of actual 
counseling sessions. Responses to be elicited were identified as “counseling tact- 
ing responses leads,” which in translation implies counselor statements that 
would evoke desired responses from the client. Each group viewed 40 video- 
taped excerpts. Experimental groups included subjects who received (a) modeling 
only, (6) reinforcement only, and (c) modeling and reinforcement; there was also 
a (d) no-treatment control group. Subjecis under the modeling-only condition 
observed an “expert counselor” in the tape with the first 20 clients. This counselor 
followed each client’s statement with a »rerehearsed “tacting response lead.” 
Subjects themselves made no response during these first 20 client presentations. 
During the second 20 presentations, however, the client appeared alone, and 
subject was asked to give appropriate rejcinders to each of the client statements. 
Under the reinforcement only condition, subjects were asked to respond to all 
40 frames on the tape. In frames 1-20, subjects were reinforced by verbal ap- 
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proval from the experimenter (E) whenever they emitted a “verbal tacting 
operant.” Under the modeling-reinforcement condition, procedures for frames 
1-10 were like those of modeling-only group. However, procedures for 11-20 
were like those of the reinforcement-only condition. Frames 21-40 were the 
same across all three treatment conditions. Responses of the subjects to client 
frames 21-40 served as a dependent variable. Subjects’ statements were scored 
by two raters who were not counseling students but had been trained for the 
purpose. A “transfer” counseling session, which consisted of a live interview 
between a subject and volunteer “client,” was conducted by all three treatment 
groups plus the no-treatment control group. Although there seemed to be differ- 
ential effects upon the transfer situation itself, the most important finding was 
that the modeling procedures had the greatest effect on subjects’ responses to 
client statements 21-40 on the videotape. This type of study bears replication, 
perhaps with the transfer condition lengthened to encompass several sessions. 

The findings of Eisenberg & Delaney (34) concerning the importance of 
modeling in training are consistent with those of Pierce & Schauble in three in- 
vestigations of training effects (107-109). In a well-designed correlational study 
(107) the investigators report that counseling interns who had supervisors rated 
as functioning at high levels, e.g. of empathy, positive regard, etc, changed sig- 
nificantly and positively on these dimensions, Those with supervisors at low 
levels declined slightly on these dimensions. The authors followed up these same 
subjects 9 months after the original research (108). Each subject was now asked 
to submit a current counseling tape to be evaluated by new judges who had not 
been connected with the previous research. With one exception (an increase in 
concreteness for the low group), the ratings remained unchanged and the high 
group retained its superiority on all four scales. Follow up reduces the likelihood 
that the earlier results could be attributed to supervisor popularity or to tem- 
porary identification with him. The same investigators (109) conducted a sys- 
tematic replication with a new group of subjects, which also provides informa- 
tion about the effects upon a trainee of getting conflicting messages (in this case, 
from a high-level practicum instructor and a low-level individual supervisor). 
Results were similar to those of the earlier study and in general supported what 
the investigators had hypothesized. One surprising result was that subjects under 
the high-low condition gained on the rated dimensions, as did the high-high 
subjects after the first 10 weeks. Trainees in the high-low group either tended to 
model themselves after the high model or to drop out. 


PARAPROFESSIONALS 


As Layton, Sandeen & Baker (81) have noted, increased attention in counsel- 
ing research is centered on “the use of peers or less than professionally trained 
persons to offer conditions of facilitative growth in others.” Work in this area 
raises important questions about professional counseling and the training of 
counselors. Knowledge concerning the effectiveness of paraprofessional help 
could be enhanced by well-designed, multivariate, longitudinal studies; unfortu- 
nately, most of the current research can be classified as one-shot case studies (cf 
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24). Much of the work has compared the “therapeutic conditions” of therapist 
empathy, warmth, and genuineness (e.g. 14) with various criteria of counseling 
effectiveness. The assumption underlying many of these investigations is that 
clients of therapists inferred to possess all t-ree traits in high degree will demon- 
strate more improvement on the outcome neasures than clients who do not have 
such therapists. However, not all studies isdicate that the three traits correlate 
positively with one another (42, 144), which has caused Truax & Carkhuff (145) 
to modify their position by stating that in such a case “‘patient outcome is best 
predicted by whichever two conditions are most closely related to each other.” 
Bordin (15) implies that such a modificatica represents an unsuccessful attempt 
to make contradictory data fit their view =f counseling effectiveness. An addi- 
tional problem is raised by Garfield & Bergin (42). Besides finding that the three 
traits did not correlate with one another (empathy and warmth correlated posi- 
tively with one another but negatively with genuineness), these investigators found 
that these attributes may be appropriate only for rating the effectiveness of client- 
centered therapists. Garfield & Bergin (42) investigated the relationship of these 
dimensions to a variety of outcome meastres, but the therapists were predomi- 
nantly nonclient centered. Results were corsistent and demonstrated a “complete 
lack of relationship between any of the ~aree therapeutic conditions and any 
outcome variable.” 

Another problem with much of the paraprofessional research to date is 
that there has been no clear demonstratic:a of the precise relationship between 
therapeutic conditions and counseling outcomes. It is often just as warranted to 
assume that factors other than those claimed by the investigators are accounting 
for the results. For example, Truax & Lister (146) in a quasi-correlational study 
(employing an ANOVA 3X2 factorial c2sign) compared the effectiveness of 
counselors and counselor aides in working-with rehabilitation clients. Counselors 
were rehabilitation counselors, trained at zhe master’s level, and aides were re- 
cruited from secretary applicants. The investigation was conducted over a 14- 
month period, and the four counselors anc. four counselor aides worked with 168 
clients. Aides were judged superior on the =asis of ratings of client progress made 
by training supervisors. However, measures upon which these ratings were made 
had not been validated empirically. In adc-tion to methodological problems such 
as the use of a nonvalidated instrument, McArthur (88) and Sieka et al (129) 
pose some very important issues about whet could account for the results. 

Issues raised include placebo effect; :t is probable that this must be ac- 
counted for any time a new person comes to a new job. This seems especially im- 
portant since the experienced counselors were assigned and the aides recruited 
from those who applied. Also, groups were not matched on other variables such 
as sex and age, which factors could have 2nhanced the placebo effect and have 
influenced counseling outcomes. Though Facebo effect may be helpful in counsel- 
ing, and seems to be capitalized upon by many professionals, it is not sufficient 
to account for what both client and counselor may do to achieve the results each 
desires. Sieka et al (129) make the additional point that a large amount of the 
effective rehabilitation counselor’s time is spent as an advocate for the concerns 
of his client. Hence, measures of counselc effectiveness need to take account of 


STUDENT DEVELOPMENT AND COUNSELING 127 


counselor actions other than in the interview. Truax (143) takes issue with Sieka 
et al (129) on most counts. In cases of this kind, where counter-argument be- 
comes heated when legitimate questions are raised and where contradictory evi- 
dence seems to have been waved aside, further research by other investigators is 
clearly indicated. 

Other investigators have also studied the paraprofessional’s effectiveness. A 
correlational study by Engelkes & Roberts (36) investigated the effect of different 
levels of academic training on the job performance of rehabilitation counselors. 
The criteria for job performance were supervisor’s ratings and client satisfaction. 
Here, trained rehabilitation counselors were not seen to perform their jobs better 
than untrained ones. Katkin et al (71) in a pre-experimental design compared 
recidivism rates for mental hospital outpatients. They used two groups of female 
schizophrenics. A control group received no treatment, and the experimental 
group received personal intervention (phone calls, home visits, etc) from house- 
wife volunteers. This group had a significantly lower recidivism rate, as measured 
by return to the hospital. Again, placebo effects must be assessed, since attention 
alone may be more desirable than no attention. Is this kind of intervention, how- 
ever valuable to patients, to be described as counseling? Additional studies in 
this area could examine more carefully what it was that helped patients to stay 
out of the hospital, and in other ways help to determine how best to make use of 
nonprofessional assistance by energetic and supportive persons. 

Carkhuff & Bierman (27) conducted an experimental study to determine the 
effects of training as a preferred mode of treatment for parents of emotionally 
disturbed children. They used four treatment groups and a control and compared 
the effects of the treatments on parents’ responses to (a) “‘standard helpee stimulus 
expressions,” (b) role playing with spouse, and (c) play sessions with children. 
Parents perceived themselves as more communicative with their children, but 
this subjective feeling did not transfer to their behavior in the play session with 
their children. 

There may be occasions where paraprofessional efforts are as good as or 
superior to those of the professional counselor. Paraprofessional helping ac- 
tivities need to be investigated by solid research design, with treatments clearly 
delineated and outcome measures expanded. Besides longitudinal work, cross- 
validation and systematic replication studies are needed. Professionals need to 
respond to this research with openness and innovation in using its results to 
supplement their own efforts at helping others. Although paraprofessionals 
probably have an important role in direct services, research has not yet demon- 
strated when and how counselors are effective. Nor has research shown that 
counseling is simply a conversation between an empathic person and another 
who is in trouble. 


CLIENTS 
INTRODUCTION 


Counselors are greatly concerned with who comes for help and why. Al- 
though counselors may have believed that they knew the answers to these ques- 
tions, recent investigators seem to take much less for granted about the client 
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and his needs. There is awareness that social conditions may have brought about 
changes in clients and that traditional questions and answers may no longer be 
applicable. There is still much talk and little research, but many professional 
counselors are reevaluating both clients and their needs. 


Cross-CULTURAL 


Many clients today evidence sociocultural patterns that differ from those of 
most professional counselors, who have been characterized as white, middle- 
class, and achievement oriented. For this reason, serious questions have been 
raised about the ability of such counselors to establish rapport with certain 
client groups. Blacks of African descent are among the most concerned with this 
problem, critically discussed by Vontress (149). He believes that black and white 
hostility in the U. S. has reached an all-time high and that this hostility presents 
problems not only for black clients and white counselors, but also for a black- 
black relationship when the counselor is unable to project himself as black. 
Vontress divides persons of African descent (who live in the U. S.) into three sub- 
groups on the basis of how each group perceives itself, responds to its disen- 
franchisement, and reacts to whites in American society. He views the establish- 
ment of common group membership as basic to rapport in counseling, and 
illustrates the kind of difficulties that counselors may encounter with each group. 
Other discussions relating to blacks and counseling may be found in the May 
1970 issue of the Personnel and Guidance Journal, and in a 1970 issue of the 
Counseling Psychologist devoted to this topic. In another special issue of the 
Personnel and Guidance Journal, on “Counseling and the Social Revolution,” 
Smith (130) declares that guidance in American education has not served the 
black community and that blacks should unite for liberation not guidance. 

To date, a good deal of necessary rhetoric has been devoted to this topic. 
There will be much more, we anticipate, before minority group spokesmen can 
believe that they have been adequately heard in the USA and elsewhere. Research 
is scanty, mostly correlational and based on samples whose representativeness is 
not clear. For instance, Shappell, Hall & Tarrier (125), in a correlational study, 
compared ninth-grade male and female innercity and suburban youths on their 
perceptions of and concerns about the world of work. The innercity sample 
(n= 93) was over 90% black and the suburban group (n= 93) was 100% white. 
The measure used was the Hall Occupational Inventory (54). Differences on this 
instrument indicate that innercity youths were concerned with location and 
physical environment of the work setting and the time units in which their work 
was to be accomplished. In contrast, the suburban youths expected work to be a 
potential need satisfier and were concerned with opportunities for promotion, 
making friends, and becoming well known through their work. Members of each 
group seem to have absorbed from their environments a fairly realistic picture 
of what the world of work might hold for them. 

Pallone, Rickard & Hurley (100) present rank order correlations for self- 
reported key figures in occupational choice for four different groups of subjects: 
black males, black females, white males, and white females. The subjects were 
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11th and 12th-grade students from four cities in New York state. All four groups 
listed someone who held the occupation as the key figure in their choice. And 
each group except the black males listed the same sexed parent as the second most 
important figure. The black males ranked mother and father as equally influ- 
ential. 

Criterion analysis was used by Hager & Elton (53) to compare the vocational 
interests, as measured by the Strong Vocational Inventory Blank, of black and 
white entering male freshman at Berea College. Both groups were from low in- 
come families. Whites were found to be more interested in physical sciences and 
the blacks in social service. Kuvlesky, Wright & Juarez (80) used a correlational 
method to compare the status projections of high school sophomores from three 
ethnic groups: Mexican American, black and Anglo. Open-ended questions were 
designed to elicit information concerning occupational expectancy, aspirations, 
and the like. Although there were many similarities in response among the three 
groups, there were also differences. For example, Mexican Americans felt least 
certain of attaining their expectations, black youths had higher educational goals, 
and Anglos reported the least incongruency between aspiration and expectation. 

Other minorities are receiving attention in the counseling literature. The 
October 1971 issue of the Personnel and Guidance Journal is devoted to the special 
problems of American Indians, Puerto Ricans, and Mexican Americans. Mem- 
bers of these groups authored the issue. Here again, research has been slow to 
follow the initial expression of concern. Kuvlesky & Patella (79) did an explora- 
tory correlation study with Mexican American high school sophomores from 
four Texas counties. They investigated the relationship between ethnicity and 
upward social mobility. The ethnicity index was a measure of the use of the 
Spanish and/or English language in selected settings. Upward mobility was 
measured through “cross-classification of respondents on similar measures of 
level of job aspiration and of main breadwinner’s occupation.” It was hypothe- 
sized that the degree of identification with the Mexican American subculture 
would be inversely related to upward social mobility.” This prediction was not 
supported; all subjects were inferred to be upward mobile. 

The largest minority and the most probable candidates for counseling are 
women. Research, most of it demographic or correlational, is just beginning to 
appear. Since the feminist movement has brought the problems of women into 
prominence, there has been an increasing number of articles during the last 5-10 
years. Most of these are concerned with women’s occupations and vocational 
development. Astin, Suniewick & Dweck (5) have published an annotated 
bibliography of research on women during the last 10 years which should be use- 
ful to the counselor who wants to become better acquainted with women’s prob- 
lems. Levitt (82) has reviewed the literature on the vocational development of pro- 
fessional women. In many instances, he notes, the results of this research are in- 
consistent, perhaps attributable to an unclear or inadequate definition of “career 
orientation.” Also, many of the subjects in these studies were college women who 
had as yet little or no experience with marriage or regular employment. Problems 
of interpretation that arise when college women are used as subjects for these 
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surveys are further illustrated by Harmon’s (57) survey of career commitment in 
women. Although Harmon claims that women became committed to careers 
through motivation, not circumstances, this motivation seems to become mani- 
fest after entrance into college. At age 18, committed women did not have 
career plans significantly different from those who remained uncommitted. If 
career women become more accepted in our society, young women may become 
committed earlier. Watley & Kaplan (155) surveyed women who won National 
Merit Scholarships between 1956 and 1960, to determine their marriage and/or 
career plans. Eight-five percent of them planned a career of some sort, and all 
but 6% of these planned to combine career and marriage. Many of those who 
planned marriage and careers expressed problems related to being a woman. The 
conflict of a bright, well-educated young woman who plans marriage and a 
career was summarized well by one subject in the study: “We’re much too 
frustrated irying to decide whether to act like men or women, never succeeding 
in doing either properly.” 

In a demographic survey, Harmon (58) asked entering college women what 
career choices they had considered in the past, at what age they had begun to 
consider them, and at what age, if any, they had ceased to do so. Overall, the 
early choices of these women were few and general. The most popular and per- 
sistent choice was housewife. After housewife, in terms of overall popularity, 
medical, social service, and verbal related occupations were considered by the 
largest number of women, with business and clerical-secretarial considered by the 
smallest number. 

In a well-designed post hoc correlational study (5X2 multivariate analysis of 
variance design), Rose & Elton (118) found a significant interaction between 
occupational category and sex. Independent variables were Holland’s (62) five 
occupational categories and sex. Dependent variables were 11 scale scores from 
Form C of the Omnibus Personality Inventory (28). The personality test scores 
were obtained when the students were freshmen; subjects were assigned by the 
investigators to the Holland occupational categories on the basis of their majors 
as graduating seniors. The data suggest that (a) men and women choosing the 
same occupation do not have similar personality test scores; (b) Holland’s 
theory and test are more appropriate for men than for women; and (c) different 
vocational development theories are needed for men and women, 


STUDENTS 


These are still the largest source of clientele for the counseling psychologist. 
In the last 10 years, there have been numerous efforts to describe student char- 
acteristics. Three such studies will be reviewed here (16, 41, 119). All are essen- 
tially correlational. 

Rossmann & Kirk (119) studied factors related to persistence and withdrawal 
among university students. Their population included all Letters & Science fresh- 
men who entered the University of California at Berkeley in the fall of 1966. 
This group was divided into three categories: persisters, voluntary withdrawals, 
and failures. The categorization was based on first year grade point average and 
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whether the students returned to campus in the fall of 1967. Subgroups were com- 
pared on the basis of School and College Ability Test (29) and Omnibus Per- 
sonality Inventory (28) scores. Compared to the persisters, the voluntary 
dropouts had higher verbal ability and were more intellectually oriented; and, 
as one might expect, the voluntary dropouts had significantly higher SCAT 
scores than the failures. 

Entering college students’ preparation for self-regulation were explored by 
Bordin, Shaevitz & Lacher (16). Their instrument was a questionnaire sent to 
parents of all incoming students for the 1967-68 academic year. The question- 
naire asked each set of parents to rate the amount of freedom they gave their 
son or daughter in several areas, and the amount of freedom they expected the 
university to allow the student in these same areas. Areas included travel, study 
time, sex, smoking, drinking, and educational-vocational decision making. As 
expected, parents claimed to exercise somewhat more control over their daugh- 
ters than their sons. A somewhat unexpected result was that in the areas of sex, 
smoking, and drinking, parents expected the university to exercise more control 
than they themselves had. In general, parents claimed to allow their offspring 
less freedom than they would have on campus. The authors discuss implications 
for counseling with students who are making the transition from home to social 
environments that are largely unrestricted. 

Freeman & Brubaker (41) compared personality characteristics of 54 of 69 
students who during February 1970 participated in a demonstration at Ohio 
Wesleyan University with those of 54 students who did not participate. The 
instrument was the ubiquitous Personal Orientation Inventory (128). On 10 of the 
12 scales there were significant differences, the demonstrators scoring in the direc- 
tion of greater “‘self-actualization.” In this sample the demonstrators are re- 
vealed, as the authors put it, to “bear a closer resemblance to the type of student 
our colleges and universities seek to develop.” 


PROBLEMS CLIENTS BRING 


Over the years, considerable effort has been directed at diagnosing and 
categorizing problems that clients bring to counseling (14, 22, 23, 102, 116). 
College students are the most frequent sources of data thus categorized and of 
statistics on how many clients manifest each type of problem. Research of this 
sort continues; again, student samples are the primary source of data. Sharp & 
Marra (127) surveyed trends in client problems and other matters related to 
classification over an 8-year period at the University of Wyoming counseling 
center. The client sample was discovered to be similar to the student population 
on every variable assessed except age. More younger clients used the service 
than would be expected by chance. Using their data and those supplied by Duguid 
(31), the authors discovered a steady increase in emotional problems (10% in 
1960 to 45% in 1968) and a less consistent but steady decrease in educational 
problems. The percentage of vocational problems remained fairly consistent 
(slightly more than 40% over the 8-year period). Although, as reviewed earlier 
(157), students on this campus perceived this center’s services as most appropriate 
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for vocational and educational problems, there was a marked increase in prob- 
lems classified as emotional. Most of this increase was accounted for by men; the 
percentage of women with diagnosed emotional problems did not appear to 
change significantly. 

Using a somewhat different approach, Houston (65) reviewed literature con- 
cerned with the sources and effects of psychological problems for college stud- 
ents. He also reviewed attempts to predict what individuals would be most 
vulnerable to or adversely affected by their problems. The studies he reviewed 
indicated the academic area to be the most consistent problem for students to 
manage. It is difficult, however, to distinguish between “academic” and “per- 
sonal” problems. As Houston points out, anxiety seems related in a complicated 
fashion to academic achievement; it just may be that measures of psychological 
adjustment are better predictors of future academic performance than current 
academic performance. Research on client problems in the journals we sampled 
was almost exclusively devoted to what could be labeled as “academically” and 
“vocationally” related. Therefore, discussion of client problems will be con- 
fined to these two areas. 


Client problems: Academic.—For a number of years, counseling centers and 
other university agencies have attempted various kinds of treatment programs 
for students who are either having academic difficulties or have been labeled as 
underachievers. Bednar & Weinberg (8) present an excellent critical review of 
research on 23 such programs. Their survey indicates treatment programs asso- 
ciated with improved academic performance to be (a) structured rather than un- 
structured, (b) lengthy rather than brief, (c) counseling used in conjunction with 
an academic studies program, (d) high in levels of therapeutic resources, and (e) 
appropriate to student needs. The authors also emphasize the importance of 
motivation; subjects who volunteer for such programs improve their grade point 
averages more than those who do not. 

Gilbreath (44) compared the subsequent grade point averages of under- 
achievers who responded to an offer of counseling and those who did not. 
Although neither group was counseled, respondents achieved significantly higher 
grades than nonrespondents. In a correlational study, Lin & McKeachie (83) 
used an analysis of covariance to demonstrate that significant differences in 
academic performance between extreme anxiety groups may be largely the result 
of differences in ability. However, the study habits of women students particu- 
larly were directly related to academic achievement, apart from college aptitude. 
An abridged version of the Brown-Holtzman (18) survey of study habits and 
aptitudes was used as a measure of study behavior. 

In a quasi-experimental study, Beyer (10) deliberately attempted to raise 
freshman students’ grade point average by introducing a placebo. He divided 
entering freshmen (n= 1451) into two groups. Group 1 members were told their 
actual predicted grade point averages. Members of Group 2 were also given a 
prediction, but this was abitrarily raised .4 of a point for each subject. Dependent 
variables were grade point averages obtained at the end of the first semester, 
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withdrawal rate, failure rate, and number of units taken during the first semester. 
There were no significant differences between the two groups on any of the de- 
pendent measures. 

In an experimental study, Merchenbaum & Smart (90) induced expectancy 
for academic improvement and found that subjects in the experimental group did 
better than controls in two of four required engineering courses. Subjects were 
borderline engineering students divided into three groups: (a) experimental, 
(b) attention control, and (c) no-treatment control. Contact was made with 
members of the first two groups (n=12 for each), who were asked whether they 
wanted to take psychological tests. They were told that the results of these tests 
would place them in one of two categories: a “late bloomer” who could be ex- 
pected to do better (Group 1) or a person for whom the tests would not predict 
success or failure (Group 2). One week after testing, subjects returned in mixed 
groups of eight to receive the “results,” and then had a discussion with the 
counselor about good study habits. Three weeks later, the expectancy and no- 
prediction groups were sent letters that reinforced the expectancy manipulation. 
The letter reminded subjects. of the group to which they belonged and of their 
test results. All three groups were also given attitude measures. Self-reports ofthe 
expectancy group were significantly different from those of the attention control 
(no prediction) and no-treatment control groups on such matters as believing 
that (a) the testing program had made them more confident and had helped 
them to realize they could do better, and (b) their chances for success on exami- 
tions had improved. For whatever reason, the induced expectancy groups im- 
proved attitudinally and academically. 

In a second experimental study, Andrews (2) compared the effects of be- 
havioral and client centered counseling on the academic marks and anxiety test 
scores of high school underachievers. He also used a no-treatment control. The 
behavioral counseling group was exposed to both desensitization and reinforce- 
ment. There was a significant reduction in the anxiety test scores of the behavioral 
counseling groups, but no significant differences in their academic marks. It is 
interesting to recall, by comparison, that the best designed of these studies (90) 
effected significant changes on both self-report and academic achievement 
measures. 


Client problems: Vocational—Vocational development, occupational coun- 
seling, and other matters related to the world of work have long been concerns of 
counseling psychologists. The period covered by this review was no exception. 
Besides producing the usual plethora of articles (some of which we have already 
reviewed in the clients/cross-cultural section above), the review period was high- 
lighted by the appearance of a new Journal of Vocational Behavior and a self- 
administered, self-interpreted vocational counseling tool (63). It is possible that 
this instrument, designed for use by younger and older clients, will offer some 
relief to the counselor who is beset by his time. It would be impossible to do 
justice to this area and also leave space for other important topics. Hence, we 
have selected seven research studies which we believe to be representative. (Work 
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on vocational development among minority groups has been reviewed above.) 
All are correlational; one is also experimental. Four either purport to be direct 
tests of Holland’s theory (62) or draw upon his vocational classifications scheme. 

In a well-designed correlational study, Bodden (13) studied the relationship 
of cognitive complexity to “appropriate” vocational choice. He used two measures 
to assess cognitive complexity and two to assess appropriate vocational choice. 
Subjects were divided into underclass and upperclass males and females. The 
only significant correlation was that between vocational cognitive complexity 
and congruent vocational choice for upperclass males. 

Holland’s postulate, that students tend to choose occupations congruent 
with their personality structures, received support in a study by Elton & Rose (35). 
The investigators classified each of 137 male graduating seniors into one of 
Holland’s six vocational categories. Subjects were divided in each category into 
(a) vocationally undecided as freshman, (5) immigrants to the category, and (c) 
persisters who had been in the category since they entered college. A discriminant 
function analysis was performed for each Holland category, with measures from 
five factors extracted from the Omnibus Personality Inventory (28) and ACT 
scores as independent variables. In each category no significant difference was 
found in ability or personality. Thus the students’ choices of major seemed in- 
dependent of how they got there. 

Holland’s theory was also investigated by Morrow (95), who correlated 
scores on the VPI with scores on a questionnaire related to satisfaction with 
college major. Subjects were college juniors and seniors majoring in mathematics 
and sociology. A student’s satisfaction with his major was significantly related 
to his personality type, as assessed by the VPI, for the mathematics but not the 
sociology majors. One explanation, not offered by Morrow, for the nonsignificant 
results in the case of sociology majors is that the mathematics sample had an 8 to 
6 ratio of men to women (86 males, 61 females), while the sociology sample was 
over 2 to 1 (122 females, 54 males) in favor of women. As Rose & Elton (118) 
point out, Holland’s theory may be more appropriate for men than for women. 

Ina related study, Southworth & Morningstar (131) used Holland’s categories 
to explore the relationship between persistence of occupational choice and per- 
sonality congruence with the choice. Personality was measured by the VPI 
administered to entering engineering students; persistence was determined by the 
status of these students at the beginning of their junior year: (a) those still in en- 
gineering, (5) those in school but not in engineering, and (c) those who had left 
the university. A multivariate discriminant function analysis showed the scores 
on the six scales to differentiate significantly among the three subgroups. The 
discriminant function weighted the artistic and social scales more than the other 
four. 

Ansell & Hansen (3) employed in a univariate analysis of covariance to com- 
pare 8th-12th grade males on vocational maturity and socioeconomic class 
status. The instrument was the Readiness for Vocational Planning Scale (50). 
Without regard to race, there were significant differences between lower-class 
and middle-class students in grades 10, 11, and 12. Lower-class black and white 
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students did not differ significantly on their scores through the five grades. 
No data on middle-class blacks are given. 

Tseng (147) related internal-external correlated locus of control (120) with 
39 variables related to rehabilitation clients’ job proficiency, employability, and 
satisfaction with training. Nine variables correlated positively and significantly 
with “internal” locus of control and negatively with “externals.” Variables in- 
cluded ability to work with others and to comply with rules. All variables that 
correlated significantly with internal locus of control were considered to be posi- 
tive signs of employability. 

In an intriguing study, Sharf (126) explored the relative importance of interest 
and ability in vocational decision making. Results lend further support to the 
hypothesis that interest is more highly related than ability to choice of vocation. 


PROCESS-OUTCOME RESEARCH 


In their concepts and methods, counseling psychologists have demonstrated 
themselves to be great borrowers from other psychological specialists. This 
assertion is amply supported in the area of process-outcome research; the review 
period 1970-71 is no exception to the rule. For example, Kelley et al (74) used the 
Campbell & Stanley (24) partition of research designs to evaluate process-out- 
come studies published in the Journal of Counseling Psychology for 1964-68. Three 
judges reading independently are reported to have agreed totally in classifying 73 
out of 86 such articles. Of these, 54% were described as “pre-experimental” in 
design; indeed, 31% were “one-shot case studies.” Of the remainder, 25% could 
be classified as “true experimental” and 14% as “quasi-experimental.” About 8 
percent were labeled as “unscientific” matching studies. The authors acknowledge 
an ethical problem in the random assignment of subjects to experimental treat- 
ment—or control—conditions, a design requirement that ignores the subjects’ 
own expressed needs for help. However, Kelley et al (74) conclude that most of the 
published research on counseling remains, as described in 1963 (121), “open to 
serious question.” In a similar vein, Weiss (e.g. 156) alludes to methodological 
errors in the application of factor analytic techniques to counseling research data, 
helpfully supplementing his criticism with an outline of conditions under which 
particular methods are to be employed. 

There are pitfalls in process-outcome research into which the unwary may 
fall. Suppose, for example, that there is a marked shift toward the employment 
of “experimental” and “quasi-experimental” research design (74). Or suppose 
that rules for applying factor analytic methods (156) are more carefully adhered 
to. There remain to be answered even more fundamental questions, such as 
what the research was designed to accomplish in the first place, how it was 
conducted, whether the results as analyzed, displayed, and interpreted have any- 
thing to do with alleged intentions, and how the reported accomplishment is to 
be judged on epistemological as well as methodological grounds. That these are 
not idle concerns is attested to by Meehl (89) in a discussion of evidence that is 
legally admissible versus that considered by psychologists to be scientifically 
acceptable. The latter may offer, e.g. from laboratory experiments, generalized 
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conclusions about conditions that affect everyday human behavior. Lawyers are 
more prone to accept “fireside inductions,” i.e. common-sense beliefs derived- 
from introspection and anecdote, in devising legal sanctions for human conduct. 
Neither route is satisfactory to Meehl, who believes that ‘“‘quasi-experiments in 
the ‘real life’ setting may often be the optimal data-source.” 

This ideal of obtaining a close approximation between (a) events whose 
occurrence in daily life is highly probable and (4) their accurate reportage 
through psychological research was extensively discussed by Brunswik (21). 
The quasi-experiment (24) affords but one such approximation. As Pepinsky & 
Pepinsky (106) earlier demonstrated, any single method for the assessment of 
counseling is likely to offer both gains and opportunity costs. A schema which 
also derives from Brunswik’s (19, 20) “conceptual focus” on events was used to 
indicate how, paradoxically, we may expect to attain predictive accuracy at the 
expense of “ecological validity.” No matter how we attempt to slice the pie of 
counseling research, that dictum remains invariant. And so it is of interest to 
note that although Layton, Sandeen & Baker (81) report a “paucity... of 
experimental research on the counseling process” up to 1970, a number of such 
studies appeared in 1970-71. The trend seems to have been encouraged by re- 
peated exhortation (e.g. 135): i.e. psychological experiments, constituted as 
“laboratory analogues” to something called “counseling,” can fill the gap be- 
tween “basic” research and counseling practice. The argument typifies what 
Meehl (89) refers to as a “methodological equation, often implicit and unques- 
tioned . . . Empirical= Experimental-and-quantitative = scientific . . . objectionable 
on several grounds”: e.g. (a) of epistemological inaccuracy, (b) of false linkage 
between the terms “experimental” and “quantitative,” (c) of preempting the 
connotation “scientific” and thereby denigrating “non-experimental” evidence, 
and—as stated earlier—(d) of spurious generalization to [non-isomorphic] 
events in daily life. 

Not all process-outcome research published during 1970~71 fits either the 
experimental or quasi-experimental paradigm. Nor is the extravagant claim of 
efficacy, as exemplified and legitimately criticized above (89, 135), too often 
voiced by those who conduct such research. For convenience in review, we have’ 
divided our exhibits into (a) sociopsychologically oriented research, (b) behavior 
modification, and (c) miscellaneous studies. 


SociopsyCHOLOGICALLY ORIENTED RESEARCH 


More than any other clinically sophisticated psychologist, Goldstein (e.g. 
45, 46, 48) has emphasized the research implications of manipulating therapeutic 
conditions in terms of concepts and strategies derived from experimental per- 
sonality and social psychology. An excellent volume (47) has now appeared in 
which he reports upon a number of relevant experimental and quasi-experimental 
studies, the latter predominantly conducted by a research group under his direc- 
tion with actual patients in therapy. A companion volume (Pepinsky & Patton 
105) includes exhibits of several experiments conducted independently, whose 
conditions were structured so as to be isomorphic to particular circumstances of 
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“serious life” counseling situations. Two of these, one on predicted effects of a 
counselor’s induced “evaluative expectancy” upon his subsequent assessments 
of himself and his client, and the other on predicted effects of induced “attrac- 
tion” and “congruence” on a client’s responses toward his counselor, had been 
published earlier (78, 101), In the third study (150), 80 undergraduate subjects 
initially rated themselves on the Marlowe-Crowne (30) Social Desirability Scale 
(M-C SD) and were asked how they would value a psychologist’s interpretation 
of their self-ratings. Again, following individual experimental sessions in which 
subjects were randomly assigned to receive either favorable or unfavorable in- 
terpretations via experimenter from a fictive psychologist, subjects again rated 
either themselves first and the psychologist second or the psychologist first. A 
2X2X2 factorial design was used to test predictions, the first set of which— 
that subjects would accept and change more toward socially desirable inter- 
pretations than undesirable ones—was supported by the data. A second set of 
predictions, based on the assumption that higher M-C SD scoring subjects 
would be more defensive against interpretations than low scoring subjects, was 
not supported. Rather, a significant order effect and M-C SD score Xinterpreta- 
tion interaction suggested a mode of dissonance reduction related to both in- 
dividual personality (i.e. sensitivity to social demands) and situational constraints. 
This experiment thus incorporates into its design a quasi-correlational feature in 
that a pre-experimental measure of behavior was used to partition subjects into 
high and low M-C SD groups. Under that condition subjects were not randomly 
assigned to treatment groups included in the ANOVA, hence cannot be treated 
as independent of experimental manipulations. Although some would hold this 
kind of partitioning to be an indefensible basis for making tests of significance, 
the requirement of random assignment has also been challenged (89). Moreover, 
the inclusion of pre-experimental measures in the experimental design permits 
inferences to be drawn about individual differences among subjects (i.e. pre- 
treatment dispositions) in relation to treatment effects (i.e. manipulated con- 
ditions) to which subjects are presumed to be assigned “at random.” 

A number of related experiments are reported by Schmidt & Strong (122, 
123, 137, 138) along lines proposed by Strong (134). In one of these (137), 49 
college student subjects rated their own achievement needs (n Ach) on a scale 
derived from the Edwards Personal Preference Scale (EPPS, 110); about 3 weeks 
before and immediately following a 20-minute interview, and again about one 
week after. Following the interview, each subject also rated the interviewer’s 
“expertness” as a counselor and subject’s reactions to interview and experiment. 
Interviewer influence upon these ratings was examined in a 2X22 ANOVA 
design, with subjects randomly assigned to conditions in which (1a) interviewers 
were introduced as expert or (15) inexpert; (2a) interviewers acted as expert or 
(25) inexpert; and (3a) one or (35) another interviewer was employed. Subjects 
changed their ratings more under combined expert than nonexpert conditions, 
but between the first and third, not the first and second, ratings. As implied in 
other studies (e.g. Rogers, 117), counselor influence may have more evident distal 
than proximal effects. Also, as demonstrated elsewhere (e.g. 105), the interviewers 


138 PEPINSKY & MEARA 


were differentially influential in modifying client behavior. Possible order effects, 
i.e. of obtaining self-ratings first, followed by other dependent measures, were 
not determined. A feature of this study was its incorporation of normative 
standards of portrayed expertise derived from a previous experiment (122), in 
which six male counselors with widely varied experience attempted to persuade 
a client-confederate that he should not withdraw from the university. The first 
5 minutes of each interview were videotaped and shown to 37 male undergrad- 
uates. Subjects were instructed to rate each counselor’s expertness and to provide 
descriptions of incidents or personal attributes that had prompted the rating. 
Results are interpreted as showing the ratings to be almost inversely related to 
amount of counseling experience. A subsequent comment on these results (124), 
however, indicates the relationship to be nonlinear, with most of the variance 
attributable to the most and least experienced counselors. It is suggested in- 
stead that subjects may have based their ratings in these extreme cases on liking 
or disliking for the counselor, apart from his assessed expertise. 

A third experiment (138) was designed to measure the effects upon counseling 
of client belief in the “trustworthiness” of a counselor-confederate. Two inter- 
viewers trained in the “expertness” role (122) were also trained to exhibit either 
trustworthy or untrustworthy behavior. In addition, subjects were led to believe 
that their interview would be either confidential or nonconfidential. Fifty-four 
male undergraduate subjects performed the customary n Ach ratings 2 weeks 
prior, immediately after, and about 1 week following the interview. Interviewer 
differences were found between the first and second ratings, yet did not persist 
over time. A confidentiality effect differentiated between the second and third 
ratings. The trustworthy manipulation was nondifferentiating, however, a pos- 
sible consequence (as the authors point out) of weak role induction. In a fourth 
experience (123), 54 male undergraduates were randomly assigned to one of 
two “psychologists” under high or low “attractiveness” conditions. Depen- 
dent measures were the familiar n Ach ratings, an adjective check list on which 
to react to interviewer attractiveness (after the interview), and a direct question 
as to whether the interviewer had influenced their ratings (about 1 week later) 
after debriefing. For 41 subjects, each assigned to one of the four experimental 
conditions, the interviewer again tried to influence their n Ach ratings; for 13 
“control” subjects, similarly assigned, there was no such attempt. “Control” 
subjects changed their ratings significantly less than the “experimental” groups. 
For the latter, there was a significant “attractiveness” Xinterviewer interaction; 
the intended manipulation alone had no such effect. Again, it is possible that the 
manipulation itself, though perceived as intended, was weak. As an interesting 
sidelight, 11 out of 21 subjects exposed to the “attractive” interviewer stated, 
after debriefing, that he had not tried to influence their ratings, while only 4 out 
of 20 who saw the “unattractive” interviewer thought that he had not done so. 

A companion pair of experiments (136) tested (a) an “additive” and (6) a 
“masking” hypothesis about the combined effects of “expertness” and “at- 
tractiveness” upon client behavior. Apparently hypothesis (a) wins more sup- 
port than hypothesis (b) in that there is an immediate differential for attractive- 
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ness under “expert” but not ““nonexpert” conditions. About 1 week after “counsel- 
ing,” however, differential “attractiveness” effects are found under both con- 
ditions. An unfortunate feature of this last report is that in its increased com- 
plexity of design and execution it becomes very difficult to follow and interpret. 
Editing of language would also have helped; e.g. we are told about “subjects 
receiving the unattractive role” or “unattractive role subjects.” 

Convolution of design and reportage is also evident in still another experi- 
ment by Strong et al (139). Here two highly experienced male counselors con- 
ducted 10-minute simulated counseling interviews with a male confederate, in 
both of which the counselors were audio and videotaped. In one of the inter- 
views, the counselor either moved and gestured a great deal or remained as still 
as possible. Subjects were 86 female undergraduates. On an adjective check list 
the counselors seem to have been identified more negatively when seen and heard 
than when heard only. Frequent movement was more positively responded to 
than stillness, which was typified as cold, aloof, and analytic. Again, counselors 
had differential effects upon their audience. At one point the authors comment 
wryly that it might be better if counselors were heard but not seen by students. 
At another, the sole use of “audio recordings” in counselor supervision is 
inveighed against. At still another, we read that “interpersonal attractiveness or 
likableness (sic) form a bipolar dimension in interpersonal space.” Apparently 
this means that to give the impression of being logical and powerful one must 
also seem aloof and cold; or to be seen as warm and friendly is also to be seen as 
“muddle-headed.” But it is a giant step from such a setting in which female 
college students merely viewed and/or heard (presumably white, “middle class”) 
male counselor-and-client-confederates in a brief role-playing situation, to 
counseling and its outcomes outside of the laboratory. Yet the authors un- 
hesitatingly bridge this gap, without explicit attention to common formal prop- 
erties that might conceivably link the two sets of events (cf 105). Meehl’s caveat 
against overgeneralizing (89) applies here. 

A more cautious view of things is taken by Kaul & Schmidt (73) in further 
investigation of trustworthiness. Five male upper division students served as in- 
terviewers in the videotaping of interviewer behavior in 24 brief scenes repre- 
senting early, middle, and late counseling interview segments. These were en- 
acted from basic scripts depicting both trustworthy and untrustworthy content 
and manner to a criterion of unanimous agreement by judges. Undergraduate 
and graduate student subjects (n=16 for each sample, composed equally of 
males and females) were asked to rate the interviewers’ trustworthiness. A sophis- 
ticated but readily comprehensible ANOVA design and analysis revealed half 
of the subjects, given an advance definition of the term, to make higher ratings 
than those not given the definition. Although undergraduates viewed the inter- 
viewers as more trustworthy than graduates, there were no sex differences. Among 
other findings, ratings tended to decrease from “initial” to “final” segments of 
the interview, and initial differences between interviewer content and manner 
are markedly diminished for the last two segments. However, a significant, ad- 
mittedly complex interaction among the five main effects partitioned for analysis 
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is not discussed. As the authors imply and demonstrate, clinical study of a phe- 
nomenon may be enriched when its effects can be thus experimentally tested in 
the laboratory. Viewed in this light, a quasi-correlational pilot experiment (72) 
has provocative implications for systematic research into placebo effects on 
counseling outcomes. 

It is interesting to note in the above experiments (123, 136, 137, 139) that 
although subjects could be induced to believe in the greater or lesser “attrac- 
tiveness” of an interviewer-confederate, anticipated effects of this variable upon 
subjects’ subsequent behavior were either not obtained (123) or are subject to 
equivocal interpretation (136). Using hypotheses relevant to balance theory and 
a relevant manipulation of interviewer attractiveness (cf Newcomb 99), however, 
Patton (101) found predicted effects. Again, though differential treatment effects 
were found for subjects induced to believe in the interviewer’s greater or lesser 
“expertness” (123, 136, 139), Sprafkin (132) found no such effect. Also using 
hypotheses related to balance theory, Sprafkin (132) designed an experiment to 
test whether subjects could be induced to modify word-referent relationships 
according to interviewer expertise. Two male counselor-confederates either ad- 
vocated changes in word meanings or did not advocate such changes during 
interviews with 64 male undergraduate subjects, given opportunity to practice 
the role of a client. The interviewers were both introduced and acted as either 
highly expert or low in expertise as counselors. Dependent measures included 
changes from before to after counseling in subjects’ ratings of the relative ap- 
propriateness in word-synonym pairs, and subjects’ rated confidence in these 
ratings. An additional set of items to be rated included amount of interviewer 
expertise. Predicted rating changes were not obtained. Despite subjects’ clear 
identification of interviewer expertise, as intended, the only significant effect upon 
both appropriateness and confidence ratings was the interviewer’s advocacy or 
nonadvocacy of change. Counselors did not differentiate subjects’ ratings, nor 
did interactions, including the predicted expertise x advocacy of change effect. 

Failure to replicate findings from the one set of experiments to the other is 
understandable. Conceptual, terminological, and methodological disparities are 
apparent, though what is related to what and why is rarely as explicit in this kind 
of research as some have claimed. Nor is there an evident isomorphism between 
phenomena thus isolated and those far more ambiguously identified for us as 
“actual counseling.” The virtue of the sociopsychologically articulated and 
“counseling” relevant experiment, as compared with many other kinds of in- 
quiry, is that its sins of omission and commission are often more glaringly ob- 
viously and therefore more readily diagnosed and remedied. We shall have more 
to say about all this in concluding our review, 


COUNSELING As BEHAVIOR MODIFICATION 


Two years ago there appeared in the Annual Review of Psychology adjacent 
chapters on counseling (81) and behavior therapy (76). Both reviews allude 
briefly to a recently emerging hybrid called “behavioral counseling.” Persons 
who thus label the focus of their published research have tended to be concerned 
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with students in educational settings. However, recourse to a common tech- 
nology of behavior and modification in this and other labeled varieties of psycho- 
logical treatment (cf 105) has further confused attempts to distinguish among 
them. Apart from reported case studies of situations “involving unusual tech- 
niques,” it seems, there were few earlier published accounts of research on 
“counseling” as behavior modification (76). Within the review period 1970-71, a 
number of more elaborate studies appeared. Most of these report on the effects 
of exposing students to reinforcement or “modeling” techniques. Several studies 
in this group are noteworthy for their employment of (a) settings that have 
“ecological validity” for research subjects and (b) experimenters who manipulate 
conditions by means of techniques that are used to define counseling itself as 
behavior modification. In the latter sense, experimenters are a current portrayal 
of an idealized practitioner-and-scientist type (106). In the former, the research 
has attributes that approximate an idealized quasi-experimental design (24). 

Persons familiar with research on behavior modification will recognize a 
prototypic form of experiment in a relatively well-designed study by Tosi et al 
(141). “Reticent” 6th and 7th-grade pupils (n= 24), recommended for counseling 
by their teachers, were randomly assigned to one of four treatments: (1a) operant 
social reinforcement; (15) a modified reinforcement, after Premack (111); (lc) a 
teacher expectation; and (1d) a control condition (n=6 in each). Three graduate 
students serving as counselors (2) were randomly assigned within treatment con- 
ditions, such that each counselor worked with two students under each condition. 
Treatment periods of 30 minutes each were conducted once a week for (we infer) 
a total of six sessions. Under the two nonreinforcement conditions, students 
were taken to see a movie and questioned about it afterward. Under condition 
(ic), in addition, teachers were informed of each child’s “remarkable progress” 
and were led to expect increased verbal output from him. All students were in- 
formed that this was the purpose of their “counseling.” Pretreatment criterion 
measures were obtained for each subject by an observer in his classroom for 1 
hour/day over a 3-day period, and consisted of a tally made each time a subject 
raised his hand or spoke. Posttreatment measures were similarly obtained one 
week after the last treatment. Significant main effects on these measures are 
registered for treatments and counselors. The treatments-counselor interaction 
was not significant. Gains were significantly greater for the social reinforcement 
group than for the expectancy and control groups. When subjects served as their 
own control, significant absolute gains were evident for the two reinforcement 
conditions. One of the three counselors, a female, accounted for significantly 
higher scores for subjects across all four treatment conditions than the other two 
(male) counselors. The authors comment that “Some counselors, above and be- 
yond technique, appear to be more potent reinforcers (sic) than others under a 
variety of conditions.” 

An indication of why this might be is given in a quasi-correlational study of 
“facilitative” and “non-facilitative” counselors (92). Graduate students without 
previous counseling experience were identified as “high” (4 males, 4 females) and 
“low facilitative” (3 males, 5 females) on a pretest adapted from previous re- 
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search (144). After training in “verbal reinforcement techniques,” each counselor 
was randomly assigned three clients from a pool of 48 11th-grade students (24 
female and 24 male) from 12 high schools. In a single counseling interview with 
each client, the counselor acted to supply pertinent cues for and positive rein- 
forcements ofinformation-seeking behavior. Criterion measures included amount 
of (a) information-seeking and (b) noninformation-seeking behavior within the 
interview, and (c) length of interviews. An ANOVA of main effects revealed 
high facilitators to elicit a significantly greater amount of information seeking 
than low-scoring ones. Male clients engaged in more noninformation seeking 
than females, however, and there is an unexplained complex interaction between 
sex of client and counselor effects on that measure. No such effects were found 
on length of interview. “Behavioral techniques” alone, these authors remind us, 
may not be sufficient to account for observable changes in the client. 

Bednar et al (9) further illustrate how counseling to alleviate a presumed 
learning deficit may be used to provide “competence training.” Again, the 
knowledgeable student of behavior modification will recognize a prototypic 
strategy of operant conditioning with “selected target” groups. In a rehabilita- 
tion school for delinquent boys, 32 subjects were given one-hour weekly reading 
lessons, based on the SRA programmed reading kit, over an 18-week period. 
Subjects were randomly assigned to reinforcement or nonreinforcement condi- 
tions. Under the latter, subjects received an “ice cream feed” every 5-7 days; 
while under the former, subjects received monetary reinforcement for both 
initial “attention, cooperation, and persistence” (phased out after lesson 6) and 
for “actual reading competency.” Two undergraduate experimenters (male and 
female) proctored the lessons, answered questions, corrected answer sheets, and 
provided reinforcements. Whether the same experimenters monitored the non- 
reinforcement condition and how it was monitored are not stated. Dependent 
measures were (a) an accompanying SRA weekly reading achievement test, (b) the 
Gates-MacGinitie Reading Test for content not included in the instructional kit, 
(c) the San Diego Inventory of Reading Attitudes, and (d) classroom teachers’ 
ratings of student conduct. The authors state that because subjects’ reading in- 
struction was provided in their own living quarters, these teachers, in a local 
public school to which subjects were bussed daily, were unaware of the special 
reading program for some students. A second variable, explicitly provided for in 
the design, was pre-posttreatment gains on these measures. Use of a repeated 
measures ANOVA design reveals significant pre-posttest differences in reading 
comprehension score gains between groups receiving and not receiving operant 
conditioning. There is also a significant interaction between treatments and 
gains on the more general reading measure, and the two groups—said to be 
initially undifferentiated—received significantly disparate posttreatment teacher 
ratings of conduct in the classroom. Only the reading attitude measure, for 
unexplained reasons, was nondifferentiating. How lasting these differentiating 
effects are is not made evident; the authors neglect to mention when the before 
and after measures were given. Nor is there warrant for their final admonitions 
(a) “that teachers aware of conditioning principles . . . are in a good position to 
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understand and manipulate the dynamics that may influence successful teach- 
ing,” or (b) that counseling psychologists ought to be serving as consultants 
toward this end. 

The foregoing studies have been reported in some detail to give an idea ofa 
genre that is rapidly being assimilated into the literature of counseling psychol- 
ogy. Until a new fad appears to replace current enthusiasm for social engineering 
of this kind, we are apt to see an increasing number of such adaptations from a 
still burgeoning volume of publications on behavior modification. During the 
review period, for example, “behavioral counseling” research was reported on 
students identified as alienated (153, 154), anxious (49), and unassertive (60), 
phobic to snakes (38), in rural schools (91), more and less self-actualizing (61), 
and superior (6). These studies vary in treatment technique employed, rationale, 
design, execution, and overall quality. One of the more interesting of these is a 
quasi-correlational experiment (60) in which a repeated measures design was 
used to test the effects of “behavioral rehearsal” and “modeling” effects over 6 
weeks of training followed by posttests 6 and 7 weeks after termination of 
treatments. Initial differences, clearly favoring the two experimental groups over 
control subjects, had dissipated markedly by the end of the follow-up period. 
There is a trend in these studies for reinforcement and modeling to produce 
desired kinds of changes, with perhaps a slight edge for modeling. As noted, 
however, such effects may not be durable ones, and there is need for further 
research on personal dispositions that may allow some behavioral technologists 
to be more proficient than others. In view of an earlier reluctance on the part of 
some counseling psychologists to accept the idea that clients could be counseled 
in groups, the efficacy of group procedures of this kind—repeatedly demonstrated 
in these exhibits—should also be noted. Another intriguing experiment by Fran- 
kel (40), where female undergraduates counseled each other in a “micro- 
counseling” situation under “videotape modeling” and videotaped feedback 
conditions, is flawed by an overly complex design and a plethora of dependent 
measures. Prior determination of relationships among the latter would have 
helped in the analysis and interpretation of results. Two or three less inclusive 
experiments in lieu of the all-in-one design would also have been more easily 
interpreted, along with statistical tests for score gains by means of a repeated 
measures design. The author’s test for order effects in the sequence of treatment 
conditions yielded significantly different results, however, and is to be applauded. 


MISCELLANEOUS 


Brief mention can be made of several additional studies, which for want of 
numerical representation in other categories have been lumped together here. 
In one of these (52), male and female subjects used semantic differential (SD) 
ratings to report their reactions to two persons seated at varying distances from 
each other; ratings were to be made as if a subject were in the situation as a client 
with a personal or academic problem. SD ratings were affected by distance but 
not “instructional set.” A study of interviewee self-disclosure (66) is notable 
mainly because of the devastating criticism it elicited (12), followed by a re- 
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sponse (67) whose “self-disclosures” lead one to question why either the initial 
study (66) or the rebuttal (67) ever should have been published. Two “group 
marathon” studies (51, 159) are noteworthy only because they center on one of 
the newer, more “far out” therapeutic techniques about which counselors as 
yet seem to have been less enthusiastic than clinical psychologists. A study which 
purports to study “therapist-led” and “leaderless” group psychotherapy effects 
upon rated patient behavior (133) seerns to have been elaborately concertized for 
the sparse yield of results (also difficult to decipher) that it offers. In like vein, 
though one must admire the psychometric technology involved in a correlational 
analysis of two “interest” inventories and a “personality” measure (98), one is 
hard put to understand the “implications for practical utilization in counseling” 
claimed by the authors. Finally, the usual individual differences in counselor 
effects are reported (33); highly “empathic” counselors are asserted to be more 
“successful” than those low in empathy, with more experienced counselors 
higher in empathy than inexperienced ones (96); differential rehabilitation 
counseling effects are shown for differentially diagnosed clients (112); a mis- 
titled study yields ambiguous results (59); and there are the vanishing “pre- 
experimental” studies (e.g. 64, 113) which purport to tell us what happened to 
samples of clients already treated. 


CONCLUSIONS 


In one sense, counseling research has not had to undergo a metamorphosis 
comparable to that in many other branches of scientific and technical inquiry. 
From its inception, such research has been relevant to problems encountered in 
settings where counseling occurs. More often than not, the research has been 
conducted in situ, with subjects assessed for their performance of “serious life” 
tasks. At the same time, there has been increasing alignment of investigative 
concerns with the theoretical and technical products of basic research work in 
other areas of psychology, notably in human learning and development, and 
personality-social psychology. Sophistication in matters of psychometric and 
statistical analysis, long conspicuous in publications by counseling psychologists, 
also seems to have been enhanced. Save in those relatively few cases where the 
symbiotic attachment of practitioner and scientist (104) may have produced a 
blatant “hard sell” (e.g. 143, 144), there is an evidently growing concern for 
precision of inquiry. However, the incorporation of precision technologies— 
as in behavior modification, simulation, and the laboratory experiment—brings 
other problems to the fore, e.g. of research ethics (75-77, 103, 148) and the 
imminence of rebellion by at least some subjects and clients. The latter becomes 
increasingly possible with the greater likelihood today of conflict arising from 
cross-cultural misunderstanding between persons who give and receive psycho- 
logical treatment. In that arena, many a belief in the efficacy of research as well 
as counseling is already being sorely tested. Reeducation of practitioners and 
scientists along these lines is indicated (105). 
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VISUAL SENSITIVITY 


Jonn Lorr Brown 
Center for Visual Science, The University of Rochester, Rochester, New York 


This review covers the period from the beginning of 1969 through the end of 
1971. Its content is influenced by research trends reflected by work published in 
that period and by the biases of the reviewer. Although there has been great 
selectivity, the material included is still so broad that there has been little chance 
for penetrating evaluations. It is only hoped that this review may provide some 
useful direction to those who read it. 

Numerous books have appeared since the beginning of 1969 relating to visual 
sensitivity. The second edition of Brindley’s monograph (40) on the retina and 
visual pathways represents an updating of that work which will be particularly 
valuable for graduate level education. Another book of considerable significance 
is Cornsweet’s Visual Perception (56). This provides an excellent foundation for 
advanced study of any aspect of vision. Books based on two international meet- 
ings will be of interest. Proceedings of the First International Symposium on 
Visual Science held at Indiana in 1968 include a number of useful papers (215). 
Some interesting work by Russian and German investigators on vision is included 
in the proceedings of a symposium which was held at the International Congress 
of Psychology in 1966 (97). Much of this work is otherwise unavailable in English. 
Other books of interest include a “how-to” book on visually evoked cortical po- 
tentials (VECP) (214), an introductory volume based on lectures of the late Gor- 
don Walls (234), and an historical survey of the nature of light by Ronchi (229), 

Sensitivity, as the word is used in vision research, applies to studies of min- 
imum detectable quantities. The quantities are usually of light required for 
threshold detection or difference discrimination as influenced by the state of 
adaptation, the retinal locus, various parameters of the stimulus such as its size, 
its spatial character, and other considerations. The term sensitivity is also ap- 
plicable certainly to other discriminations than those involving the intensity 
dimension, however. One may also measure threshold amounts of binocular dis- 
parity, change in wavelength, or change in retinal locus of a stimulus. Material 
that relates to sensitivity in the realm of color or depth discrimination has, for 
the most part, not been included in this review. These topics have been ably 
handled in the reviews of 1971 and 1972. 

The spatial discrimination capability of the eye is perhaps the most importat 
characteristic of the sense of vision. It is not surprising, therefore, that a plurality 
of all papers surveyed over the past 3 years falls in this category. “Spatial” con- 
siderations have been largely with respect to projections within a frontal plane or 
in the image on the retina. The 1971 review of Spatial Vision (22) has, on the 
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other hand, been concerned largely with the discrimination of objects in the visual 
world as these are distributed in depth. The authors of that review have suggested 
that relation of the psychophysical data of depth discrimination to the underlying 
physiological processes is an easier job at the present time than is the case for 
other aspects of spatial vision. This may be true, but the past 3 years have pro- 
duced an extremely large number of attempts to bring about a rapprochement 
between the data of psychophysics and neurophysiology for aspects of spatial 
vision concerned with other than the depth dimension. Such attempts can be 
found throughout all aspects of vision research. The directness of the relation 
varies considerably, but many investigators are obviously anxious to somehow 
relate their findings in psychophysical experiments to the data of electrophysiol- 
ogy or vice versa. 


SPATIAL CONSIDERATIONS 


Not many years ago, this general topic was mainly concerned with such things 
as the size of the stimulus, its location on the retina, and visual acuity. In recent 
years, in addition to these classical considerations, much energy has been devoted 
to investigations of the spatial modulation transfer function of the visual system, 
and the influence of the size and orientation of targets that include line elements, 
particularly parallel line gratings: 


Spatial summation—Recent experiments confirm the well-established facts 
that spatial summation is greater in peripheral than in central vision and increases 
in the dark-adapted eye. Summation has been demonstrated to be proportional 
to the density of rod receptors in peripheral vision (188). The probability of detec- 
tion of a luminance increment against a homogeneously illuminated background 
increases with increase in area of the increment stimulus. With increase in area, 
there is an increase in the perimeter of the test field, and efforts have been made to 
discriminate between these two characteristics (37). Variations in the perimeter 
and in perimeter-area combinations have not produced significant effects, how- 
ever, and individual differences in the effects of these variables serve to complicate 
matters. 

A study of spatial summation employing a flicker-fusion criterion determined 
the luminances necessary for fusion of a 28 Hz stimulus foveally and in two eccen- 
tric locations for a variety of stimulus sizes. For the sizes employed, the coefficient 
of summation showed a greater increase from fovea to 10° in the periphery with 
the smaller stimulus surface. There were no differences for subjects in each of 
three different age groups (165). Measurements of photopic increment threshold 
along the superior nasal, inferior temporal meridian showed a higher threshold 
for annular objects then for disks when each had the same total area. This was 
attributed to the reduction in spatial summation capability outside a central re- 
gion of complete summation (295), The question of whether the summation area 
for blue cones is comparable to that for rods has been reexamined by Ruddock 
(235), who reports that the blue mechanism has a smaller summation area than 
that noted for rods, 
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There have been a number of investigations of the change in summation capac- 
ity of the visual system with changing adaptation. One question of considerable 
interest in this connection is that of the time course of the change. Hallett (112) 
reports that brief background changes which elevate threshold also cause a rapid 
decrease in the spatial integration capability of rods. A reduction in spatial sum- 
mation capability may occur within only a few hundred milliseconds. Spatial in- 
tegration capacity is not directly linked with the condition of adaptation as this 
may be revealed by threshold measurements. Integration capacity differs under 
conditions where threshold is rising as compared with others where threshold is 
falling. A study of visually evoked cortical potentials in man has revealed that 
response latency decreases with stimulus size and that initial response amplitude 
increases with stimulus size at all retinal locations. Latency increased with dis- 
tance from the fovea (73). 


Retinal perimetry —Using a Goldmann perimeter, Lakowski & Aspinall (161) 
measured sensitivity of the visual field in the fovea and 20° and 50° in the periph- 
ery. They found that sensitivity improves from early youth up to an optimum age, 
Teaching a maximum at the age of about 20, and then deteriorates with steady 
progression to advanced age. The difference between sensitivity early in life and 
at 20 years is greater in the periphery than in the fovea. It is suggested that results 
reflect a developmental factor. Measurements of threshold from the fovea out to 
10° peripherally were made with white light and colored lights of two diameters 
for each of two durations in the dark-adapted eye—at a mesopic level and at a 
photopic level. Spatial summation was found to increase in the periphery under 
all conditions while temporal summation was approximately constant over the 
region studied. Within a central region of 4° diameter, it was found that the central 
30 minutes may have very different properties from the rest of the region and a 
reduced sensitivity at all wavelengths in the dark-adapted state. Change in thresh- 
old with retinal location was significantly related to the wavelength distribution 
of the stimulus and the condition of adaptation (154). 

If a near threshold test flash is presented to the retina repeatedly at 2-sec in- 
tervals, there is a gradual decrease in the probability of detection of the test flash 
over time. Data are extremely variable but have been fitted with an exponential 
function. The time constant ranges from 7 to 9 min for eccentricities up to 35°, 
is approximately 13 min at 40°, and varies from 19 min to 22 min between 45° and 
60°. In addition to the declining trend, there appears also to be an oscillatory 
trend in the data with some periodic recovery of probability of detection (230). 
A study of the temporal summation capability of the eye at various retinal loca- 
tions with a 7’ test spot has revealed that the relation between critical duration 
and eccentricity is rather complex. There is an increase in critical duration or time 
in which summation may occur out to about 5°, followed by a decrease to the 
edge of the blind spot. Two different observers have given quite different results 
with further increases of eccentricity (232). Ronchi (231) found threshold to be 
approximately constant along the horizontal nasal meridian for brief test flashes. 
For flashes of greater than 12 msec. sensitivity decreased beyond 40°. There is also 
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evidence that the total integration time decreases for eccentricities greater than 
this. If the astigmatism for oblique rays is corrected optically, the total integration 
time reaches as long as 1 sec and sensitivity is increased (231). Wilson (313) has 
reported an increase in the area over which spatial summation may occur with in- 
creased eccentricity of retinal stimulation. Although the areas differ for different 
eccentricities, the Weber fractions are a constant for the maximum area at all 
eccentricities. Only one background luminance was employed. The sizes of the 
areas of maximum summation were found to be of the same order of magnitude 
as the sizes of the central portions of circularly organized receptive fields of the 
squirrel monkey at the same eccentricity. 


Visual acuity —The measurement of visual acuity by means of interference 
fringes created directly on the retina permits the determination of the resolution 
capacity of the retina independent of the limitations imposed by optical elements 
of the system (104). This may be particularly useful for determining the potential 
visual capability of cataract patients. Within the central 4° region of the retina, 
visual acuity is found to be very near theoretical limits based on the nature of the 
receptor mosaic. A comparison of acuity beyond 2° from the fovea measured by 
conventional methods and measured by interference patterns shows a reduction in 
acuity in the periphery, but the similarity of values obtained with the two methods 
requires a rejection of the notion that optical defects are a major cause of the de- 
crease (105). Kerr (152) has reported higher peripheral visual acuity than that 
previously reported. She explains her results in terms of methodology. Schuster- 
man & Balliet (246) have reported measurements of visual acuity in the sea lion 
which are about the same in air and under water. A visual angle of 5.5’ of arc 
could be resolved. Methling (189) has demonstrated that visual acuity for a 
stationary target and a moving target change in the same way with changes in 
luminance for velocities of the moving target up to 80° per second. It is concluded 
that within this range of velocities, limitations of acuity are not imposed by 
motion-induced reductions of contrast. An objective method for the measurement 
of refraction has been investigated using the visually evoked cortical potential 
(192). 


Spatial sensitization effects —Several experiments reported by Westheimer 
beginning in 1965 would appear to have had a highly significant effect on subse- 
quent research. Westheimer (305, 306) showed that as the diameter of a back- 
ground field increases, the increment threshold of a test spot in the center of the 
background also increases to a maximum value corresponding to some specific 
diameter of the background. For further increases in the size of the background 
field, the increment threshold of the central test stimulation decreases again. In- 
creases in diameter causing elevated threshold were termed “desensitization” 
effects. Subsequent increases in background diameter that reversed this effect 
were termed “sensitization” effects. These effects have been demonstrated both 
for rod and for cone vision. 

Teller and her colleagues have been most active in following up some of the 
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implications of the Westheimer experiments. They have shown that the diameter 
for maximum threshold increment varies with the observer and that sometimes 
the diameter for maximum response or “peak” diameter becomes larger with de- 
creased retinal illumination (278). Teller & Gestrin (277) repeated an earlier ex- 
periment by Westheimer (307) to determine whether the retinal activity which 
occurs during dark adaptation following light adaptation would influence a test 
flash in the same way that the activity engendered by a background field does with 
respect to sensitization. They found that presentation ofa test field in the center of 
a region that had undergone prior light adaptation and was in the process of 
dark adapting produced the same results whether the field was of the size cor- 
responding to background fields that resulted in desensitization or of a larger 
size which, in the case of the background field, would result in a sensitization 
effect. It is clear that the retinal activity during recovery from light adaptation, 
sometimes called ‘“‘dark-light,” does not have the same effect on an increment 
threshold as does light which is actually present. It has been demonstrated that 
in the near periphery the spatial parameters of interaction for the rods are differ- 
ent than those for the cones (308). The sensitizing interaction effects of the rod 
system are incapable of causing any sensitization within the cone system and vice 
versa. Within the foveal region, it has been demonstrated that the sensitization 
effects for the “red” and “green” mechanisms of the human eye are themselves 
independent (187). This was demonstrated by obtaining action spectra for the 
sensitization process under stimulus conditions that optimize respectively the 
“red” and “green” response mechanisms. Action spectra for effectiveness of the 
background in influencing the test field were the same as those for the two differ- 
ent cone mechanisms under the appropriate conditions of stimulation. 

In another experiment, Westheimer & Wiley (309) found what appeared to be 
a second order effect, using a “satellite spot” instead of simply increasing the size 
of a background zone. Under conditions of scotopic illumination, they found a 
desensitization zone of 1° surrounded by a sensitizing zone that gave way to a 
second desensitizing zone. If a patch of darkness was employed instead of a light 
stimulus in the periphery, the sign of these effects was reversed. The usual inter- 
pretation of these effects is in terms of lateral interaction phenomena of an in- 
hibitory nature. The central background region inhibits response to the test flash; 
the outer “‘sensitizing” annulus inhibits the background inhibition; and apparently 
aremotely located satellite spot inhibits the sensitizing annulus. It must be pointed 
out that Westheimer has used the term “sensitization” as an operational specifica- 
tion of his observations. 

In a follow-up of the work reported by Westheimer in 1967 (306), Payne (211) 
has found a region of desensitization of 2.9’ diameter in the fovea accompanied by 
a surrounding region out to 10’ diameter in which illumination results in sensitiza- 
tion or reduction of increment threshold in the center, Payne has shown that in- 
trusion into the sensitizing region of a black annulus is accompanied by threshold 
elevation. This confirms Westheimer’s earlier report (306) that the simple presence 
of a border (1’ thickness) won’t elevate threshold. Elevation occurs when the 
presence of the annulus reduces stimulation to the sensitizing region. The effect 
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of the distribution of flux within a sensitizing annulus was investigated by Teller, 
Matter & Phillips (279). A sensitizing annulus was cut into eight sectors, and the 
distribution of flux was varied by blocking any illumination in certain sectors and 
increasing the luminance of others commensurately. It was found that distribu- 
tion of flux more uniformly over the entire area.had a greater effect in lowering 
threshold. Results were compared with the implications of Rushton’s concept of 
retinal pools (236). 

Ina replication of some earlier work by Teller and her colleagues, Matthews 
(181) found that masking effects obtained with small disks yielded smooth func- 
tions while those obtained with larger disks were accompanied by on-transients. 
Temporal relations between a test flash and a sensitizing annulus were further 
explored in an experiment which showed that the threshold at the center of a 
steadily illuminated disk was a minimum near the instant of onset of the annulus 
(276). Maximum threshold was variable in time but occurred approximately at 
the instant of offset of the annulus. There is clearly not a comparable time course 
for this effect to the time course of threshold changes that occur in early dark 
and light adaptation. The results do not accord with the notion of some slowly 
propagated lateral effect within the retina. In a follow-up experiment, the entire 
background on which the test flash was presented was itself presented in various 
temporal relations to the test flash (280). For small backgrounds, there is an eleva- 
tion of threshold according to a smoothly rising function. As the size of the back- 
ground reaches the diameter beyond which sensitization occurs, there is an initial 
maximum in threshold corresponding to the onset of the background. Another 
maximum is found at the time of offset. Results confirm those reported by Mat- 
thews (181). These results may be contrasted with the effects of flashing just the 
sensitizing portion of the background which causes an immediate reduction in 
threshold of the test spot at the center of the field. Somehow the illumination of 
the immediate background of the test spot simultaneously with the “sensitizing” 
region is accompanied by threshold elevation rather than reduction. 

In all of this work, there would appear to be the assumption, implicit or ex- 
plicit, that the results obtained reflect the organization of retinal receptive fields. 
One way of testing this notion is to present the background or conditioning field 
to the other eye. This kind of experiment has been reported by Markoff & Sturr 
(176). The 3.5’ test flash was centered at various retinal locations and presented 
against backgrounds of varying diameter and luminance which illuminated either 
the same retina or the opposite retina. With increase in diameter of background, 
threshold rose and reached a maximum value for a diameter that was a function 
of the retinal locus. The greater the eccentricity of the stimulus, the greater the 
threshold value. Similar results were found for monocular and dichoptic condi- 
tions. Temporal characteristics of the conditioning flash were also investigated. 
Peak and threshold were found to be higher for transient than for steady condi- 
tioning fields, especially for dichoptic presentation of test and background. The 
results are interpreted to suggest that there may be cortical receptive fields with 
organization similar to those found in the retina. 

The work of Westheimer and that which has been stimulated by it is frequently 
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interpreted in terms of electrophysiological studies of receptive fields. Most elec- 
trophysiological experiments upon which our knowledge of receptive fields is 
based were done with quite different stimulus conditions, however, The nature of 
the receptive field has been explored with small spots, with disks, and with annuli, 
but the effect of presentation of an annulus on response to a test flash in the center 
is not the usual procedure. An electrophysiological study more nearly comparable 
to the sensitization experiment has been reported by Sakman, Creutzfeldt & 
Scheich (239). In the retina of the cat, there is apparently no effect on the response 
ofa retinal ganglion cell to central receptive field stimulation which is comparable 
to the sensitizing effect of a surround in the psychophysical work. A later ex- 
periment by Maffei, Cervetto & Fiorentini (173) did show some analogous results 
to those reported in sensitization studies, but the stimulus conditions were quite 
different. Nakayama (197) has shown an interesting parallel of the sensitization 
effect, recording from cells of the lateral geniculate nucleus of the cat. It is sug- 
gested that the effect might be found in the retina by a careful examination of the 
statistical properties of the maintained discharge. This has not been done. 

It would appear that the nature of retinal receptive fields has influenced a 
series of experiments, certainly with respect to the interpretation of their results, 
but that when highly similar stimulus conditions are employed in electrophysio- 
logical parallels of these studies, the expected results are not obtained. They have 
been obtained at the lateral geniculate nucleus, but psychophysical studies have 
shown that they may also be obtained when dichoptic stimulation is employed 
and, at least in man, this suggests cortical interaction. In spite of the unanswered 
questions concerning correct interpretation, the sensitization studies have pro- 
vided a model for the development of a clinical testing procedure which has 
proven useful in the diagnostic discrimination of certain forms of pathology known 
to be retinal in origin (81). 


Psychophysical studies of spatial interaction.—A variety of experiments has 
been reported concerned with variations in thresholds for detection of spots lo- 
cated in the vicinity of light-dark boundaries (199, 212, 213). The Hermann grid 
effect has prompted some of these studies. Spilimann (263) has employed varia- 
tions of the Hermann grid as a basis for estimating receptive field size. There is 
considerable interest in the possibility of finding psychophysical techniques which 
will permit the measurement of propagation time of laterally acting neural events 
in the retina. One of the few studies of this sort which may have been successful 
was reported by Smith & Richards (255). There are other variations on the cur- 
rently popular theme of attempting to relate psychophysical studies to the under- 
lying neural organization (181, 243, 282, 285). 


Receptive fields —In the realm of electrophysiology, information continues to 
accumulate on the nature of receptive fields as a function of retinal location (136), 
the relations between center and surround of receptive fields for retinal cells (173, 
174), the nature of fields for lateral geniculate cells and changes in the relative 
numbers of these fields which are found under anesthesia (270), and the charac- 
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teristics of cortical cells in the waking monkey (315) and in the association cortex 
of the cat (71). A very complete account of the nature of the response for each cell 
in the retina of one species, Necturus, has been provided by Werblin (304). A 
formal model for interpretation of psychophysical studies based on receptive 
fields has been developed by Thomas (281). 


The stabilizedimage.—The stabilized image continues to be of interest to many 
investigators. The question of where the phenomena observed with image stabil- 
ization are localized has been studied in several laboratories (30, 48, 58, 171, 203). 
There is considerable evidence that the process is not entirely retinal but at least 
partly central. 


Simultaneous contrast.—The phenomena of contrast and constancy are closely 
allied both for color and for brightness. Demonstrations of contrast effects are 
easy to perform, and the invariance of relations among different portions of a 
visual scene has been studied for many years as the constancy phenomenon. Land 
has been particularly interested in these phenomena and has developed a model 
for their explanation. Of particular interest is the fact that the relative lightness or 
darkness of a portion of the overall visual field may be poorly correlated with the 
level of retinal illumination in the image of that portion. For example, two parts 
of a field which result in identical levels of retinal illumination may look very dif- 
ferent in brightness or lightness. Such a situation may arise, for example, when 
there is a gradient of illumination of reflecting surfaces such that a surface of 
higher reflectance is illuminated at a lower level than another surface of lesser 
reflectance. Luminance of the two surfaces may be the same under these circum- 
stances, but if the illumination gradient is continuous, the surface of lesser reflect- 
ance will appear darker (163). 

Repeated judgments of brightness in a simultaneous contrast situation over a 
period of 5 days with no feedback to the subjects revealed a tendency for the 
brightness contrast effect to increase with repetition. Such findings pose a problem 
for theory (185). Quantitative studies of brightness pose a serious problem in con- 
trolling the basis for judgment. It is difficult to insure that an observer is respond- 
ing on the basis of purely perceptual elements and not cognitive factors (167). 
The brightness of various parts of an overall presentation may be influenced by 
the amount of attention paid to them (85). 

A variety of theories attempt to explain simultaneous brightness contrast. To 
a degree at least, many of these are descriptive of the known phenomena associ- 
ated with the function of the visual system (85). Theoretical models provide a fit 
of the phenomena of contrast studies which result from variations in the differen- 
tial luminances and spatial relations of a test situation (247, 301). Theories of con- 
trast may involve a variety of hypothesized mechanisms or may call upon known 
physiological mechanisms as a basis for explanation. The important questions 
which must be asked are how adequately they fit the data, the extent to which they 
are suggestive of new experiments which will test their implications, and the ex- 
tent to which their physiological bases, when these are significant, accord with 
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known facts from the physiological domain (259). Answers to these questions are 
not always obtained devoid of controversy, however (92, 93, 138). 

Recording from the lateral geniculate nucleus of the monkey, DeValois & 
Pease (67) observed the responses of single units to a variety of stimuli associated 
with contrast effects. Border enhancement was found in the case of luminance 
contrast figures but not for color contrast figures. Uniform brightness contrast 
effects over an entire stimulus field were not associated with a uniform increase in 
cell discharge for all positions of that field on the retina relative to the receptive 
field of the cell. It was concluded that some aspects of simultaneous brightness 
contrast must be mediated by cortical processes. Simultaneous brightness con- 
trast involving rods was explored by appropriate selection of stimulus, luminance, 
and wavelength (128), Brightness contrast judgments and increment thresholds, as 
both of these change with increase in the background luminance, were found to 
yield very similar functions (311). A technique is described for the use of flashing 
lights which results in brightness judgments that are independent of backgrounds 
presented to the contralateral eye. It is assumed that the technique permits the 
measurement of purely retinal effects. 


Mach bands.—Several papers have offered interpretations of the neural sys- 
tems that underlie Mach bands (65, 99, 310). As this phenomenon is examined 
more carefully, it becomes apparent that a quantitative description in terms of 
fairly simple spatial interactions in the retina probably is not possible. 


Line patterns —As mentioned above, many of the research reports published 
in the past 3 years reflect an interest in the relation of neurophysiological and 
psychophysical findings. One area for which this is especially true is that of the 
discrimination of line patterns. The question of whether there may be orientation 
specific detection mechanisms tuned to narrow bands of spatial frequencies has 
been investigated extensively (26, 32, 34, 49), There appears to be evidence for 
mechanisms that respond to spatial frequencies of between 3 and 14 cycles per 
degree which are orientation specific (26, 32). The effects of adaptation of one eye 
may be detected in the other and effects are highly specific for line pattern orienta- 
tion (26). Both of these results implicate the cortex. Some of the results of em- 
ploying stimuli comprised of two sinusoidal components of different frequency 
support the notion that there are multiple response channels functioning inde- 
pendently (47, 103, 238). Analogous results from single cortical cells of the cat 
tend to support this conclusion (44). If an adapting grating differs in orientation 
from a subsequently viewed test grating, there is less reduction in sensitivity for 
the test grating than when the alignments of the two are the same (31, 100, 101). 
Differences in orientation between adapting and test gratings or of two different 
line elements or grating patterns seen simultaneously produce an alteration in the 
perceived orientation (27, 36, 194). Horizontal and vertical lines appear to have 
a more potent effect in influencing the orientation of other lines and are them- 
selves less influenced by the orientation of other lines (36). The effect is to increase 
the apparent difference in orientation of patterns which have some actual orienta- 
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tion difference. Most of the effect of one pattern of lines on another appears to be 
gone by the time the difference in orientation reaches 10 to 15 degrees (101). It has 
been reported that there is no effect of a horizontal line on a vertical line (32). On 
the other hand, it has also been reported (46) that slight deviation of a pattern 
from horizontal will cause an apparent deviation of a vertical pattern from the 
vertical. The relatively greater effect of vertical and horizontal line patterns in 
influencing apparent orientation of other patterns of slightly different orientation 
may be compared with the fact that the evoked cortical potentials which result 
from stimulation by a moving grating are significantly greater for vertical and 
horizontal orientations of the grating than for oblique (172). There is some evi- 
dence to suggest that body tilt may also influence the optimum orientation of a 
line pattern on the retina for stimulation of specific cortical cells (129). 

There has been some criticism of interpretations of pattern experiments be- 
cause they seem to imply specific neurological mechanisms (314), whereas the 
results may arise from methodological errors and omissions. 

Techniques of frequency analysis have been applied to spatially distributed 
stimuli to the visual system. From a knowledge of response to sinusoidal patterns 
of stimulation, it has been possible to compute the threshold contrast for aperiodic 
patterns (43) and the effects of employing sharp edges in the delimitation of a 
sinusoidal grating stimulus pattern (149). The spatial modulation transfer function 
of the visual system has been investigated under a variety of conditions (64, 216). 
Some of the mechanisms which influence visibility of gratings have been discussed 
by Fry (95), Exaggerated eye movements have been found to reduce sensitivity 
for low spatial frequencies (160). On the other hand, it has been reported that 
evoked potentials are smaller for low frequency, high amplitude stimulation when 
the image is stabilized, and that higher amplitude responses are obtained for 
higher order components of the stimulus with a stabilized image (146). 

Changes in spatial resolution capability of the retina with a variety of condi- 
tions are often associated with a similar change in temporal resolution capability, 
Kulikowski (159) has recorded some results which suggest that visual and tem- 
poral resolution demands on the system may act on a common mechanism. For a 
given level of stimulus contrast, the sum of spatial and temporal frequency values, 
appropriately weighted, was found to be a constant. A gain in one could be 
achieved only at the expense of a loss in the other. The work of Muir & Over 
(194) suggests that the separation in space of line patterns is an important param- 
eter in the tilt aftereffect. 

Several experiments involving line patterns have been combined with other 
variables. The possibility of independent mechanisms for adaptation effects in- 
volving movement (209), as well as the possibility for interaction between rate of 
movement and the spatial frequency of a grating pattern (207), has been investi- 
gated, Investigation of adaptation effects involving line patterns with various 
colorations of the illuminant have been of great interest since the original report 
of the McCollough effect (186). There is a suggestion that Emmert’s law may not 
hold for McCollough afterimages (195), presumably afterimages which result 
from conditioning of central mechanisms. These aftereffects are associated with 
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cortical edge detectors (86), but analogous effects can be demonstrated with a 
variety of patterns (274). These effects may last as long as 6 weeks. Variations in 
the way in which induced colors may be achieved have been reported (273). It 
has also been shown that a kind of spatial integration effect which is involved in 
the discrimination of grating patterns may differ with changes of the wavelength 
of illumination (87). 


Electrical responses to pattern stimulation.—In the years covered by this re- 
. view, there has been considerable interest‘ in the cortical potentials evoked by 
various forms of pattern stimulation. A brief review of some of the procedures 
employed for studying both retinal and cortical potentials has been presented by 
Riggs (225). The patterns most widely used for the evocation of cortical responses 
have been line gratings and checkerboard patterns. The amplitude of cortical 
responses depends upon the size of the stimulus, the sharpness of the retinal 
image, and the visual acuity in the portion of the retina stimulated (121). The 
region of the retina stimulated is particularly important (118, 139). As the stimulus 
is presented at increased distance from the fovea, the optimum size of a pattern 
increases out to at least 12° or more eccentricity (118). There is evidence that the 
stimulation of the upper retina results in larger responses than comparable stimu- 
lation in the central portion of the retina which in turn yields larger responses than 
those obtained with stimulation of the lower retina (74). Differences in response 
have been associated with the horizontal and vertical meridians of the visual field 
(114, 172). Larger responses are reported for stimulation closer to the vertical 
meridian, and a polarity change has been observed for a transition of the locus of 
stimulation from the upper to the lower field (114). The amplitude of the potential 
which is evoked by a grating pattern increases with the logarithm of contrast of 
the pattern. This relation is relatively independent of the spatial frequency of the 
pattern. However, if the pattern consists of the addition of two spatial frequencies, 
the increase in amplitude with contrast is significantly steeper, and the slope is 
even higher if three different frequencies are added (45). 

Adaptation effects reveal orientation and frequency specificities. Orientation 
may not differ by more than 15° in either direction and frequency by an octave or 
more without virtually complete attentuation of adaptation effects (45). These 
results are interpreted to support the notion of tuned channels for spatial fre- 
quency detection in the visual system. The optimum size of a stimulus pattern de- 
dependent upon the location on the retina stimulated would appear to be linked 
to the way in which receptive field sizes change with retinal location. Optimum 
size is smaller for maximum “off” response than for maximum “on” response. 
This may be associated with differences in size of “on” and “off” center receptive 
fields or with some sort of adaptation effect of the stimulus (119). 

VECP amplitude is highest for target element separation of about 9’ (119). 
Changes in apparent size of a pattern which result from changes in fixation dis- 
tance and convergence are not accompanied by changes in evoked potentials, 
however (221). Closer grouping of elements within a pattern tends to reduce the 
evoked potential (20). Evoked cortical potentials have been measured in infants, 
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and it is reported that the optimum stimulus size becomes smaller as the infant 
matures, presumably reflecting development of the visual system and improved 
visual acuity with age (120). A comparison of the responses to patterns of checks 
and stripes shows that they produce approximately equal amplitude of the ERG 
for the same spatial frequency of the stimulus. There is a much more prominent 
peak response to stimulation by checked patterns than by striped patterns in the 
VECP. Evidence for tuned receivers from work with the VECP is not found in 
simultaneous recordings of the ERG (11). 


RETINAL PROCESSES 


Cone processes —Studies of the late receptor potential under photopic levels 
of adaptation have shown that mechanisms exist within the retina for setting gain 
of the system dependent on background level while maintaining a nearly linear 
response over an appreciable range of luminances about that level (38). A signifi- 
cant role for receptors themselves in adaptation must be recognized (cf. 102). A 
determination of equivalent background levels for each of two target diameters 
during cone dark adaptation revealed that no single equivalent luminance would 
serve with variation in the size of the test stimulus (226). Comparative studies of 
the Stiles-Crawford effect based on a flicker criterion and a measurement of the 
rate of cone bleaching revealed excellent agreement and prompted the conclusion 
that the bleaching of cone pigments must, in fact, occur in the outer segments of 
these receptors where the light is employed for vision (54). Using a method re- 
ported earlier by Alpern—the contrast flash procedure—Alpern, Rushton & 
Torii (6) studied the responses of red and green cones. They concluded that re- 
sponses are very similar to those of rods, except that approximately 100 times as 
many quanta are required for the same effect. 


Rod responses.—Using Alpern’s contrast flash procedure, Alpern, Rushton & 
Torii have studied the amplitude of rod responses (3), the way in which rod re- 
sponses are attenuated by background illumination (4), and reduction in rod sig- 
nals resulting from bleaching, even at levels above the cone threshold (5). The 
logarithm of threshold is raised 1.2 units for each 10% of pigment bleached. An 
equation which provides a satisfactory description of the elevation of threshold 
with bleaching is presented. Alpern (2) has presented additional evidence for the 
complexity of the physiology of the relation between threshold and the time 
course of rhodopsin resynthesis. The significance of the pattern of bleaching on 
the retina has been studied by Andrews & Butcher (8), who have shown that the 
effect of rhodopsin bleaching extends over the retina for a distance of 2.5°, but 
the effect is rapidly attenuated, being reduced by a factor of 10 for a separation of 
only 15’. Influence of scotopic vision on the electroretinogram at photopic levels 
is implied in the results of Walters (297). Reduction of the frequency and shorten- 
ing of the wavelength of the stimulus is accompanied by increased B-wave activ- 
ity. Very rapid changes in the nature of response of the dark-adapted retina have 
been demonstrated with presentation of parallel line patterns and black disks 
(112). Under conditions of rod sensitivity, presentation of a repetitive stimulus to 
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the eye of the cat is accompanied by a relatively large response to the initial flash 
with a reduction in amplitude to subsequent flashes, followed by a gradual re- 
covery (240). Responses of the rod system were studied by recording from the 
lateral geniculate body of the cat (66). Results indicate a saturation of the rod re- 
sponse, but this is apparently not a result of cone suppression. It is only found in 
animals with cones, however. 


Mesopic vision.—The Purkinje Shift has been studied in both normals and 
tritanopes (130, 131). There appears to be little difference between either the rod 
spectral response or the cone spectral response of the tritanope and the corre- 
sponding response of the normal, but the transition from one to the other with 
change in adaptation shows a quite different course in the tritanope, requiring a 
significantly higher luminance before the transition is accomplished. 


Electrical evidence for rod-cone interaction. —It has been shown that the slow 
potentials evoked by light stimulation in the retina of the cat may arise from either 
rod or cone stimulation or a combination, depending upon adaptation and the 
wavelength distribution of the stimulus (268, 269). Under mesopic conditions of 
illumination, the spectral response function of optic tract fibers of the cat appears 
to reflect the activity of pigments absorbing at peak wavelengths of 556 nm and 
507 nm. As luminance level is reduced, dependence of the function on the shorter 
wavelength receptors appears to increase and more of the units are dependent 
exclusively upon the function of rods alone. Similar results are obtained at supra- 
threshold levels. Rod responses are distinguished from those of cones by their 
longer latency and larger areas of response. It is suggested that the color dis- 
crimination capability of the cat may depend upon the relative levels of cone and 
rod input (9, 10, 115, 116). 


ADAPTATION 


Dark adaptation.—Threshold during dark adaptation decreases as the quan- 
tity of bleached pigment decreases with regeneration. The time course of recovery 
is somewhat different following very short bleaching flashes than after longer ones 
(237). Both objective and subjective measurements of the recovery of sensitivity 
during dark adaptation reveal that there is a change with age, the lowest thresh- 
olds being found in observers approximately 20 years old (294). The rate of re- 
covery also is found to increase with age up to approximately 20 years. An inter- 
action process between the two eyes during dark adaptation has been reported. 
Adaptation and testing of one eye alone shows a slower course of recovery than 
for adaptation of both eyes with testing of one (164). The use of deep red goggles 
for preservation of low luminance sensitivity is a practice of long standing. The 
importance of examining carefully the exact nature of the visual task for which 
sensitivity is to be preserved has been emphasized by a recent experiment (50). 
The optimum spectral transmittance of goggles varies with the task. The possibil- 
ity that more than two mechanisms may be revealed by the form of dark adapta- 
tion curves is not new, but some additional data have been published on this 
question (98). 
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Dark adaptation in animals has been studied with a tracking technique, and 
comparative studies of human observers have been made with the same apparatus 
for comparison both with the squirrel (69) and with the cat (162). There are some 
differences between results for humans and the animals in each case, but in the re- 
sults for the cat it is fairly evident that results are more nearly like those of the 
human observer than like those which have been reported earlier for single cells 
of the cat visual system (15). 

A test of the possible inhibition of cones by rods when the latter achieve sensi- 
tivity during dark adaptation has shown that such inhibition does not occur, at 
least for measurements based on a spatial resolution criterion (41). The sensitivity 
of the retina may be altered by flashes of light in regions other than that tested. 
Effects of this sort and their relation to wavelength of test and adapting flash have 
been reported (155). A retinal model for adaptation has been proposed by Leibo- 
vic (166). 


Electrical correlates of adaptation —At low levels of illumination there is an 
increase in the activity of single units of the retina of the cat with increased levels 
of illumination. In this low range of illumination, there is no inhibitory surround 
activity. At higher levels of illumination the single unit activity level ceases to re- 
flect further increases in illumination and the surround exerts a sustained inhibi- 
tory effect on the unit (16). Adaptation processes are obviously quite complicated. 
As mentioned above, the presentation of a line pattern to the retina may cause an 
almost immediate change in the spatial integration capacity of the system (113). 
It has been shown that the response of a unit in the cat retina occurs with a la- 
tency which is dependent upon the sum of the steady background illumination and 
the test luminance presented. This could only be true if there is some mechanism 
which achieves a resetting of the system within the latent period of response to the 
test flash (53). Studies of the response of specific cells in the retina of Necturus 
have provided fairly compelling evidence that the b-wave of the electroretinogram 
may have its origin in the activity of glial cells (191). 


TEMPORAL FACTORS 


The second largest body of research concerned with visual sensitivity involves 
manipulations of the various temporal characteristics of adaptation, stimulation, 
and the intervals between test and conditioning flashes. 


Temporal summation.—Some of the work which has been done in recent years 
suggests that the concept of a critical duration, within which total energy is the 
relevant variable independent of the nature of the temporal distribution of energy, 
is much too simple. Although there may be a critical duration for the criterion of 
detection, the activity of the nervous system when stimulated at this threshold 
level may not be identical when the time course of energy input is changed within 
this time period. At a near-threshold level, subjects are capable of discriminating 
between longer and shorter test flashes (316). Temporal summation occurs be- 
tween a fixed subliminal conditioning flash and a variable test flash when both are 
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presented to the same eye and when each is presented to a different eye, al- 
though the summation is greater for monocular stimulation (17). As the interval 
between presentation of conditioning and test flash is extended beyond 20 msec, 
complete summation gives way to partialsummation. With a 5 msec test flash and 
a conditioning flash of 10 msec or longer, minimum test flash energy is required 
when the test flash is presented at about the middle of the conditioning flash. 
Complete reciprocity would appear to be limited to about 10 msec at an adapta- 
tion level of one mL. Earlier studies which show longer intervals for complete 
reciprocity were done with subjects completely dark adapted (17, 18). Corre- 
spondence between the limits of temporal integration for a stimulus which drives 
the pupillary light reflex and for visual perception suggests a single neural pro- 
cessing system beyond the receptors for each of these functions (302). When two 
flashes are employed to study temporal summation, it is found that they may be 
mutually inhibitory when presented at certain intervals (106, 289). The inhibitory 
process takes place over a longer duration for lower adapting levels (289). Rash- 
bass (218) found similar temporal integration effects for increments and decre- 
ments of stimulation. With two brief flashes, summation was incomplete at 10 
msec and no summation was found at 65 msec. An increment and a decrement 
occurring quite close together in time negate each other, but may complement 
each other for longer intervals, maximally at 65 msec separation. A band-pass 
filter model is proposed to account for results. 


Flicker—In a series of papers, Kelly (147, 148, 150, 151) has developed a 
model which provides an economical description of a variety of phenomena as- 
sociated with flicker experiments. A lateral inhibitory process is invoked to ac- 
count for effects associated with changes in the spatial pattern of stimulation. 
These effects are manifested at low frequencies. The mechanism for detection of 
flicker is assumed to be located more centrally than inhibiting mechanisms, at the 
level of ganglion cells or beyond. High frequency effects are attributed to a linear 
filtering process associated with diffusion within the receptor cell itself. Studies 
of responses of the visual system with uniform fields and with counterphase grat- 
ings at various adaptation levels have produced results which can be described by 
manipulation of a gain factor and the number of neural inhibiting units in series. 

Adaptation to a flickering stimulus influences the threshold for the discrimina- 
tion of flicker. Several recent papers report variations on this phenomenon (208, 
253). In early studies of this effect, the dependent variable was fusion frequency 
for a given luminance level. In more recent experiments, the threshold is mea- 
sured in terms of modulation amplitude, and it may be impossible to associate 
frequency of the adapting stimulus with the effect of adaptation at various test 
frequencies. In any case, Smith (254) does not believe that his results support the 
notion of separate channels for the detection of flicker in different frequency re- 
gions. Studies have confirmed that the spatial form of a flickering stimulus is an 
important variable (228). There is a change in the critical frequency of fusion with 
viewing distance, with frequency rising as distance increases (122), It is suggested 
that the functional size of receptive fields may become larger with increasing 
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accommodation and convergence. This kind of effect has been predicted by Marg & 
Adams (175) in explanation of size constancy. Size judgments of afterimages 
which are probably central in nature appear to differ significantly from those of 
more peripheral effects with changes of distance (195). 

The effect on flicker sensitivity of a surround has been studied over a wide 
range of luminances (123). The dependence of the visibility of flicker on waveform 
and effects of changing frequency at suprathreshold levels continue to be demon- 
strated (13, 21). Such effects have proven amenable to understanding in terms of 
Fourier analysis in recent years, but this useful technique continues to be ne- 
glected. 

Independent stimulation of the two eyes provides a basis for inferring location 
in the nervous system at which threshold effects are determined. The phase rela- 
tion between flickering stimuli to the left eye and the right eye for maximum and 
minimum sensitivity has been interpreted in terms of possible hemispheric dif- 
ferences in the mechanism of flicker resolution (55). The effect of flicker, studied 
in terms of a test flash presented against a background of multiple flashes, indi- 
cates a greater change in the threshold of the test flash with greater spacing of the 
background flashes, maximum test flash elevation occurring when test flash is 
presented proximal in time to a background flash (19). These effects are observed 
for both monocular and haploscopic presentation, although greater for monocu- 
lar. These results imply a central processing mechanism. Effects of an intermittent 
stimulus, even though it appears fused, on a superposed test probe for monocular 
stimulation but not for binocular stimulation indicates that other mechanisms 
of a more peripheral sort are involved. Changes in the form of the temporal fre- 
quency response function with stimulus size have been interpreted in terms of 
inhibitory interaction in receptive fields (88). Over a certain range of frequencies, 
up to 15 Hz, temporal variation of the stimulus may enhance the visibility of 
spatial detail in a stabilized target. Higher frequencies of time variation may be 
perceived as flicker but do not enhance the visibility of edges (144). The presence 
of a continuous surround greatly enhances the low frequency sensitivity of the 
visual system to flicker in a small, centrally located field. Separation of the sur- 
round reduces its effectiveness in elevating the low frequency sensitivity (145). A 
careful evaluation of threshold of a test flash presented against a flickering back- 
ground reveals variation in threshold with phase of the background at time of test 
presentation, with minimum threshold coinciding with minimum background 
luminance. Maximum threshold precedes maximum background luminance, how- 
ever. This phase lead increases with frequency, reaching a maximum of about 90° 
at 5 Hz (250). It is suggested that the nature of the masking effect of a flickering 
stimulus is compatible with a locus of the effect at the ganglion cell level. 

A visual beat phenomenon achieved by the presentation of two stimuli at 
different temporal frequencies has shown the perceived beat frequency to corre- 
spond with the physical beat frequency for various retinal locations. It is con- 
cluded that temporal resolution capability is uniform over the regions of the 
retina studied (143). Wide variations in the brightness of dichoptically presented 
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stimuli do not affect visual beats (142). Brightness is influenced by frequency of 
the stimulus components and beat frequency. It is concluded that temporal pro- 
cessing is somewhat independent of brightness registration for flickering stimuli. 
The ability to detect discontinuities in a temporally varying stimulus is better 
when the stimulus is confined to a single retinal region as contrasted with the 
presentation of individual flashes to different loci (291). 

Differences in the temporal response properties of different color systems con- 
tinue to interest investigators (84). Color fusion for dichoptically presented 
stimuli has been studied for a variety of temporal characteristics of the stimulus 
and various temporal relations between the presentations to the two eyes (200). 
Variation in the rate of presentation of a monochromatic stimulus may be accom- 
panied by a shift in hue (198). Maximum amounts of shift were found for wave- 
lengths between 525 nm and 550 nm and at 650 nm. These shifts are not related to 
those induced by luminance and may arise by reason of the same mechanisms 
involved in the production of Fechner colors. Brightness enhancement effects 
associated with changing stimulus frequency do not show wavelength dependence 
(292). A technique for the assessment of the contribution of spectral character of 
the stimulus to the perceptibility of flicker has been outlined by Ikeda (135). 

Intersensory influences on flicker have been described in which auditory (190) 
and thermal (168) stimulation may enhance sensitivity to an intermittent stimulus. 
Spatial discontinuities may appear in a physically uniform stimulus pattern which 
is presented intermittently (222). The luminance at which this kind of effect 
occurs varies with frequency and also with wavelength distribution of the stimulus 
or of a preadapting field. 

Study of the effects of intermittent stimulation need not be restricted to condi- 
tions which produce fusion. Temporal response of the system as influenced by a 
variety of conditions may also be studied in terms of various criterion levels of 
flicker appearance. Sensitivity based on the estimated depth of modulation has 
been investigated for various luminances over a range of frequencies by Marks 


(177). 


Latency.—Studies have shown that the latency of response to a visual stimulus 
is reduced by the addition of a surround and is reciprocally related to the lumi- 
nance of the surround, This is true even at surround luminances that may result in 
reduced sensitivity for the test stimulus (179, 180). The increased latency of the 
visual system with a reduction in luminance has been ascribed primarily to adap- 
tation phenomena (217). Very similar changes in reaction time to increment and 
decrement stimulation with changes in stimulus duration have been interpreted 
to imply that the same mechanism may be involved in temporal summation in 
both cases (271). One experiment has shown a more rapid response to stimulus 
offset than to stimulus onset (117). The fact that this relation is not influenced by 
background level was interpreted to indicate that it is not influenced by adapta- 
tion, but the foregoing test flash itself may conceivably have a rapid adapting 
effect (53). 
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Persistence of vision.—A variety of experiments over the years has shown that 
the duration of visual perception of a test flash probably reaches some minimum 
value as flash duration. is reduced and remans approximately fixed at that level 
as test flash duration is further reduced (75-77, 108). Although this visual persis- 
tence is of several hundred milliseconds duration, asynchronies in visual stimula- 
tion may be detected within a much shorter range (290). Changing critical dura- 
tion with luminance suggests that the discrimination of differences in duration 
may be influenced by luminance level, but there is some indication that discrimina- 
tions of duration differences do depend on temporal characteristics (1). Response 
to a visual stimulus may continue for several hundred milliseconds after it is pre- 
sented but the response may be cut off by presentation of a succeeding flash (261). 
Use of the appearance of a continuous arc as a criterion of persistence when a 
stimulus is rotated in a frontal plane contirues to provide a useful method for 
studying the temporal processes of vision 1256, 257). Differences in apparent 
position of moving stimuli as a function of their luminance have long been studied 
in association with the Pulfrich phenomenon Whether these differences provide a 
basis for inferring the location in the nervoussystem of the increased delay associ- 
ated with the decreased luminance (312) is cpen to some question. 


Backward masking.—Studies of backwerd masking include an extremely 
broad range. In the simplest studies the threshold for a test flash is elevated by a 
masking flash presented after the test flash. Spatial location, size, and temporal 
relations may be varied almost infinitely. Bevond this, the spatial dimension has 
been investigated for a variety of patterns of test and masking stimulus including 
abstract symbols, numbers, letters, and words. Space does not permit the consider- 
ation of such complex material here. 

Masking is very much influenced by relative spatial characteristics of the 
target and the masking stimulus (242), As a larger masking disk becomes closer 
in size to a target disk, the masking effect s increased. An annulus appearing 
around the masking disk reduces masking. Such a result suggests the possibility 
of a lateral inhibition process. A black ring masks more effectively when its inner 
diameter is decreased to the size of a black target disk diameter (61). The changes 
in the amount of masking with target mask separation permit an estimate of the 
radius of an inhibitory region that is similer to estimates obtained with other 
experimental procedures (60). The masking eTect of a surrounding ring on a cen- 
tral disk with the masking stimulus delayed does present some problem in a lateral 
inhibition interpretation, however. Retroactive masking may also be obtained 
when the masking stimulus is of the same configuration and presented to the same 
retinal Jocus as the test stimulus. Stecher (265) has implicated central processes on 
the basis of an experiment of this sort. A study of the summation of two flashes 
presented during the interval prior to a masking stimulus when sensitivity of the 
eye is changing has found that the contributions of the two stimuli are weighted 
in accordance with sensitivity (153). 

The spatial characteristics of the test fielc and the mask influence results sig- 
nificantly in backward masking. If a single vertical line element is used as a test 
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field, the orientation of a single masking line influences the masking effect. Test 
line threshold is increased maximally when the masking line is made more nearly 
vertical. Detectability of the test is decreased the most when the masking line is 
of about the same length as the target line and illuminates closest to the same 
position as the target line (210). If the mask is a ring surrounding a disk, the 
masking effect of an incomplete ring is greater when the ring is comprised of four 
segments symmetrically located than when a single continuous segment of the 
same total length is employed (248). A target disk divided into half white and half 
black is more difficult to mask than a homogeneous disk (249). The greater the 
amount of internal contour in a target, the less susceptible is the target to back- 
ward masking (59). Thus, increased internal contours of a target may be accom- 
panied by enhancement of its detectability when a backward “masking” stimulus 
is presented (78). For spatial frequencies of .25, 1.0, and 4.0 cycles per degree, 
however, there was no effect on the apparent contrast of the pattern when a back- 
ward masking stimulus was presented. A “masking” flash preceding the target 
was accompanied by increased contrast (57). Some of these results suggest the 
involvement of cells specialized for the discrimination of line elements. A similar 
involvement may account for a reduction in the sequential blanking effect involv- 
ing two of five outlying squares when the blanked squares were altered so that 
they appeared as trapezoids (184). Manipulation of the position of the two 
blanked elements in the five-element blanking sequence has provided some infor- 
mation about inhibitory fields in man (243). A U-shaped function has been found 
in backward masking and a similar function has been found for a variety of condi- 
tions in the sequential blanking paradigm (7). 

The interpretation of backward masking and sequential blanking in terms of 
a kind of inhibitory process which could, in turn, be inhibited has met with both 
support and challenge (183, 245). The interjection of dark intervals into a stimulus 
sequence may have various effects depending upon the duration of the dark in- 
terval and other conditions (14, 244). It has been demonstrated that the effect of 
a masking flash which follows a test flash may be enhanced, or the probability of 
detecting the test flash further reduced, by the presentation of an electrical stimu- 
lus to the septal and reticular regions. This may be interpreted to support the 
argument that masking effects are central. The electrical stimuli had no effect on 
the test flash alone or the appearance of the masking stimulus alone (96). An 
interesting comparison of behavioral and electrophysiological studies of masking, 
both backward and forward, and metacontrast has been made by Schiller 
(241). 


Metacontrast.—Metacontrast, as the term is usually used, differs from back- 
ward masking in that it is measured in terms of effect on the brightness of a test 
stimulus rather than on its threshold. It may be measured by adjusting the 
luminance of a test flash so that its brightness matches a fixed reference or the 
converse. Using the first procedure, Matteson (178) investigated the effect of sur- 
rounding masking stimulus diameter and found an increase in the metacontrast 
effect with increased diameter. The results were somewhat variable, however, In 
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a later experiment, the same method yielded fairly reliable results, but when an 
effort was made to match the reference to the test simulus, there was much more 
variability (91). A U-shaped function for the metacontrast experiment has been 
reported both with a forced-choice technique and with a magnitude-estimation 
technique, leading to the conclusion that the form of the function is therefore not 
strictly dependent upon a subjective response criterion (303). A theoretical model 
based on a neural inhibitory network has been proposed for the explanation of 
metacontrast and various kinds of masking (39). 


LUMINANCE DISCRIMINATION 


The luminance necessary in a test flash for its discrimination against a back- 
ground field, or the amount of increment necessary for the detection of a lumin- 
ance change in a given field, provides a widely used index of the sensitivity of the 
visual system as influenced by a variety of variables. Rod vision may be studied 
selectively by appropriate choice of conditions (109, 110). The form of a stimulus 
and gradients of luminance within the stimulus field may influence luminance dis- 
crimination thresholds (283). When the stimulus includes discontinuities of 
luminance such that certain regions are at a higher flux level than others, relative 
size of the specific regions also influences threshold. Increases in luminance of a 
portion of the field relative to the remainder may, in some instances, result in a 
threshold elevation (12, 284). Elevation of threshold by increasing the relative 
luminance in flanking portions of a stimulus field is attributed to lateral inhibi- 
tion. Demonstration of this kind of effect at the approximate level of the forced- 
choice threshold has been invoked to contradict Blackwell’s suggestion (23) that 
lateral inhibition effects are not found at the threshold level (284). 

Evidence has been presented that the suppression occurring during binocular 
rivalry is a generalized inhibitory state applying to all types of stimulation falling 
within the region of suppressed vision (296). An analysis of luminance discrimina- 
tion data taken over a series of days reveals a fairly substantial change in thresh- 
old level from day to day which may be influenced by changes in conditions as 
well (111). 

The ability of animals to make luminance discriminations has been studied 
extensively as a possible indicator of a variety of effects. The methods employed 
in such studies are quite important, and it is dangerous to draw a conclusion on 
the sensitivity of the visual system of an animal relative to that of man, for 
example, when differences may be the result of the procedures employed rather 
than the inherent characteristics of the visual system (286). Over the years, a 
number of investigators have attempted to find some behavioral index of the 
vision of Limulus, Recently, an unconditioned tail movement has attracted some 
attention as a possible indicator of response to abrupt changes in illumination 
of this animal (300). 

Discrimination of luminance differences is a fairly gross function and may be 
insensitive to such manipulations as deprivation of stimulation (275) and various 
forms of surgical intervention in the visual nervous system (272). Often learning 
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may be influenced by such intervention without any evidence that the ultimate 
discrimination capability of an animal is changed significantly. 

Luminance discrimination studies have provided the data for several exami- 
nations of the applicability of signal detection theory in the description of the 
function of the visual system (158, 196, 288). Models involving excitatory and 
inhibitory interaction processes are probably still the most common (156). 


SPECTRAL SENSITIVITY 


In recent years, with an increase in confidence as to the nature of the spectral 
absorption characteristics of the pigments that reside in individual cones, there 
has been an increased interest in the way in which the function of these cones is 
combined to produce the photopic luminosity function. Working with monkeys, 
Sperling & Harwerth (262) have employed an increment threshold technique to 
measure spectral sensitivity. They have shown it possible to fit their results by 
combination of individual spectral response functions for cones using linear 
difference functions in the green and red regions and the sensitivity of a single 
class of cones alone in the short wavelength region of the spectrum. 

Electrical indices have been used more commonly than behavioral indices in 
studies of infrahuman organisms. In the rhesus monkey, spectral response of the 
system has been measured in terms of the ERG and the VECP. The function of 
rods is a more prominent influence in the ERG, while that of cones is more promi- 
nent in the VECP. For the owl monkey, the scotopic system dominates both of 
these indices (227). Investigation of the influence of various levels of the ERG as 
response criteria has resulted in identical curves for all levels investigated in the 
macaque (293). When the spectral response of single cells of a nonopponent 
nature in the lateral geniculate nucleus is measured, relatively broad response 
functions are found suggestive of the combination of responses from several 
different classes of cones (137). 

The visually evoked cortical potential has become of increasing interest in 
recent years as an index of function of the human visual system. Regan (220) has 
shown that the frequency of a time-varying stimulus is an important variable in 
determining the qualitative nature of results with the VECP. The amplitude of 
harmonic components from 45 Hz to 55 Hz showed a minimum value which 
compared closely with the conditions for a subjective minimum in flicker. This 
was not true for other frequency ranges. By the use of the appropriate frequency 
range, objective data based on the VECP were obtained which agree with 
psychophysical results to within 18%. 

Using a 40 Hz stimulus, spectral sensitivity and the effects of chromatic 
adaptation have been measured in terms of the electroretinogram. Results were 
in good agreement with psychophysical studies (205). Measurements of the 
spectral sensitivity of the human observer with a visually evoked cortical po- 
tential are being made with striated patterns, the positions of which may be 
shifted on the retina to provide stimulation (182). In this way, the average illumi- 
nation may be held constant and the possibility of extraneous results from chang- 
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ing level of stimulation or from scattered light is avoided. Response can be 
measured in terms either of latency or amp.itude, and data have been found to 
be in fairly good agreement with the results of psychophysical investigations. An 
alternative method is the alternation of a white and chromatic component at a 
rate of approximately once per second (252), Several studies have appeared in 
the literature in which behavioral techniques for the measurement of spectral 
response functions have been employed w-th animals. Techniques include the 
use of reaction time as a criterion of stimulus level at various wavelengths (193), 
and operant conditioning techniques (162, 233). Behavioral studies in animals are 
particularly useful for the interpretation cf electrophysiological studies (258), 
Microspectrophotometric studies of the pizment densities in individual recep- 
tors are continuing (70), and it is reasonable to expect that improved and refined 
measurements will become available. 


PHOTOMETRIC MELSUREMENTS 


A major problem in photometry rests with the difficulties encountered when 
heterochromatic components are employed. Models have been devised to cope 
with additivity failure under heterochrometic conditions (298) and superaddi- 
tivity (299). A vector model has been proven useful by Guth and his colleagues 
(107). Of particular interest in this connection is the fact that the nature of func- 
tions derived from threshold measurement obtained when different color com- 
ponents are added may be used as a basis for deriving functions which are almost 
identical with those based on color mixture. 

Photometric measurements are very frecuently based on a brightness match- 
ing procedure (206). Another technique which has been described in recent years 
is that of “minimum border contrast” (140, 141). Instead of attempting to match 
brightness, the observer attempts to minimize the border between two adjacent 
fields. For minimum border, a brightness Jifference is usually detectable when 
the colors of the two fields are not the samme. While additivity breaks down for 
spectrally different components which are measured by brightness matching 
techniques, additivity has been demonstrated to hold for the minimum border 
contrast techniques. The technique of minimum border contrast judgment yields 
results similar to those obtained with heterochromatic flicker photometry. A 
variety of ratio estimates and direct magnitude estimate techniques has been 
employed for the evaluation of brightnesses (63, 82, 204). The concept of equiv- 
alent luminance designation for chromaticelly different stimuli has been recom- 
mended (157). Measurements for a variesy of chromaticities and luminance 
levels have provided direct information for this kind of procedure. 


RADIATION 


The human visual system can be stimulated by particles and by electro- 
magnetic radiation outside the visible spectrum. Experiences of astronauts have 
prompted the investigation of possible mechanisms by which the eye may be 
stimulated by fast neutrons, X rays, and pcsitive pion beams (287). Exposure to 
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neutrons of energies below 25 mev may result in the appearance of starlike 
flashes and short streaks. It is suggested that alpha particles released from 
neutron reactions and recoiling protons may interact with the retinal rods (42). 
Primary cosmic radiation has been proposed as the probable source of light 
flashes observed in lunar flight (83). 


BRIGHTNESS 


There is no way in which the subjective response to illumination in the 
visual field can be predicted directly from the physical characteristics of the 
field. Condition of the observer with respect to adaptation is also important. 
Beyond this, the way in which he interprets the field may also influence his im- 
pression of brightness. The usefulness of the term “brightness” resides in the fact 
that it describes what is apparent to an observer as distinct from what is present 
physically, even when such factors as background, size and other physical 
parameters are taken into account. In spite of this, many investigators persist in 
the use of the redundant expression apparent brightness. 

Distinctions between experiments which deal with brightness and those which 
deal with contrast become difficult. Contrasting elements are a most important 
factor in determining brightness. Nonetheless, there are other variables which 
influence the subjective response to illumination which merit our consideration. 
When stimulation is added binocularly, differences in contour and contrast 
properties may influence the sum. A vector sum of monocular brightnesses with 
weighting of the individual components on the basis of their contour and contrast 
has been demonstrated to be reasonably accurate (79, 80). Temporal factors as 
well as spatial factors may influence the judgment of brightness (266, 267), and 
sometimes spatial and temporal factors may interact in the determination of 
brightness relations of a visual stimulus presentation (264). This subject is con- 
sidered in more detail in the chapter on Perception. 


Brnocutar VISION 


The subject of binocular depth discrimination has been reviewed in detail 
recently (22). It seems appropriate to consider some work which relates to the 
sensitivity of binocular depth discrimination here, however. Depth discrimination 
limits are usually considered in terms of the minimum disparity angle which can 
be perceived. It is important to recognize that there is a maximum disparity 
angle which can afford discrimination of depth also (24). This maximum angle is 
greater for divergent than for convergent disparity. It is also larger in the pe- 
riphery. The minimum disparity angle is also larger in the periphery (219). 
Sensitivity to depth differences based on binocular disparity is apparently 
greater, the greater the amount of visual detail in the scene viewed (169, 170). 
Restricting the total field without limiting visibility of the primary targets is 
associated with degraded stereoacuity as is viewing of the primary targets in a 
large ganzfeld. The wavelength distribution of illumination apparently has little 
or no influence on stereoacuity (72). 
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The discovery of neural units which seern to be specialized for the detection 
of disparity angles has been accompanied by development of interest in the 
binocular depth discrimination capability o7 those animals in which the neural 
units are studied. Stereoscopic vision has been investigated in the cat (94), and 
in the monkey (35, 133). It has been argued -ecently that the sensitivity to depth 
effects need not be dependent upon a precis comparison of geometric disparity 
of the two retinal images (25, 90). Rather, itis suggested, differential stimulation 
of channels which may be tuned for specific spatial frequencies could give rise to 
depth effects. It has been demonstrated that there are apparently distinct mecha- 
nisms for the discrimination of depth of objects beyond the point of fixation, 
in the region of fixation, and in front of the point of fixation (223). Certain in- 
dividuals may lack one or more of these mechanisms with predictable results in 
their judgments of stereopatterns. It has been demonstrated that adaptation to a 
stereogram in which a given depth is represented may influence the perception of 
depth for subsequently viewed targets in a similar range of depth (29). Selective 
adaptation effects would certainly be altered for individuals lacking specialized 
detectors for depth behind fixation or in front of fixation. A theory of binocular 
vision has been presented by Sperling (260). 


Electrophysiological correlates of binocufar vision —Measurements of visually 
evoked cortical potentials in man provide some support for the presence of 
disparity detectors in the human cortex (899. Presentation of grating patterns to 
both eyes results in a higher amplitude of eroked potential when there is a slight 
difference in spatial frequency between the two eyes with a corresponding 
disparity. Presumably this results in a grea-er level of stimulation of more cells 
than would the artificial situation where both eyes are stimulated with identical 
patterns. When the two eyes are stimulated dichoptically, one with a pattern and 
the other with a homogeneous field, respcnse to the pattern stimulus tends to 
suppress response to the homogeneous fied (52). The response to a relatively 
large pattern tends to be suppressed by the response to a small pattern and only 
when different patterns presented to the two eyes are of similar size is there a 
summation of their responses. Summation Of responses appears to be more com- 
plete for scotopic levels of stimulation of the two eyes than for photopic Jevels. 
This is attributed to possibly greater amcunts of convergence of cone signals 
from the two eyes on single cortical cells via interhemispheric pathways (51). 

The cat continues to be a popular experimental animal for the electrophysio- 
logical study of binocular vision. Relative dominance of a given hemisphere by 
projections from the contralateral eye (33) and the relative variability of activity 
resulting from binocular as contrasted with monocular stimulation (62) have 
recently been investigated. 


Convergence.—The possibility that the convergence angle may be a useful cue 
to depth has been reexamined and affirmative conclusions reached (201, 224). 
It would appear that approximately two-thirds of the population are able to use 
convergence as a cue to depth (224). 
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DEVELOPMENTAL FACTORS 


An interesting and extremely fruitful line of investigation in recent years has 
been concerned with the effects of stimulus deprivation during the early develop- 
mental period of the organism. Occlusion of both eyes of an animal at birth 
results in a severe visual decrement if maintained up tosome critical point, three 
months for the cat (68, 132). Occlusion of only one eye for the same length of 
time has results which are much more serious when measured in terms of tbe 
performance of that eye alone after it is uncovered. It is as if the eye which has 
not been covered has usurped many of the cortical connections which normally 
would be available to the other eye. Deficits appear to be primarily with respect to 
form discrimination. Variations on the basic deprivation experiment have been 
introduced in which selective aspects of the visual world are eliminated. Monkeys 
were raised in an environment illuminated by a brief flash of light presented at 
intervals sufficiently long, two seconds or more, that there was no continuous 
stimulation of the retina with light from moving objects or with light from a 
stationary object during movement of the head or eyes of the animal (202). These 
animals showed symptoms similar to those of dark-reared animals. It was sug- 
gested that the root of the problem might reside with the failure of the develop- 
ment of normal pupillary and accommodative responses. The ability of an animal 
to relate his movements appropriately to the visual stimulus he receives depends 
upon experience. If only one eye is permitted to see during active locomotion, 
the other eye being open during passive movement, visually guided movements 
can only be made with the eye which has had experience during active motion 
(125). Control does not transfer to the other eye. If cats are reared from birth 
with one eye viewing primarily horizontally oriented lines, the other primarily 
vertical, then receptive fields are found associated with cortical units in which the 
optimum orientation of a line element stimulus is vertical for the eye having had 
vertical experience and horizontal for the other eye. Responses to oblique orienta- 
tions are not found (126, 127). The result has been confirmed in a slightly different 
kind of experiment (28). 

The dependence of development on sensory stimulation is illustrated naturally 
in the Siamese cat which has aberrant visual projections to the cortex. These 
animals show binocularly activated cells if they are raised with both eyes oc- 
cluded, whereas the binocular connections apparently drop out if they are raised 
with eyes open and there are associated abnormal stimulus effects (134). Cortical 
responses to binocular disparity are altered by raising kittens with prisms in front 
of their eyes (251). Apparently, even photopic and scotopic systems can be 
dissociated by selective stimulation of an animal during the developmental 
period (124). 
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THE SENSE OF SMELL 


TRYGG ENGEN 
Brown University, Providence, Rhode Island 


In contrast to earlier reviews, including the most recent one by Tucker & 
smith (134), the present chapter will emphasize experiments done with human 
subjects. It will exclude neurophysiological and animal experiments usually 
emphasized in such reviews and in textbooks of psychology. The hope is to in- 
fluence those who write these books to consider this recent material rather than 
the classic but now dated work of Zwaardemaker and Henning. In addition, the 
present review will also not concern itself with odor theories because no great 
strides have been made in this direction during the last decade. To some, such 
exclusions will mean that little information will be presented in this review per- 
taining to “breaking the odor code” of the “Geruchs Problem” (Schneider 112), 
that is, the unknown neurophysiological coding of qualitatively different odors. 
Instead, the emphasis will be on the less ambitious task of analyzing the psycho- 
physics and psychology of man’s ability to perceive odors. This is as important 
and perhaps more practically useful at this stage of development than preoccupa- 
tion with the electrophysiology of the receptor cell. 

The sense of smell will be given a broad definition. No attempt will—or 

.indeed could—be made to restrict it to the activation of the first cranial nerve, 
which seems implied by the curious assignment of Olfaction and Taste as the title 
of the proceedings of The Third International Symposium of physiologists (Pfaff- 
mann 105). The present review will also resist the temptation so common in non- 
physiological discussions of the “subtle sense” of quoting poets and men of 
letters, but numerous examples of such wisdom can be found in two recent books 
(McCartney 87, Moncrieff 100). Such literary authors have had a valid point of 
view in their emphasis on the sense of smell in connection with feeling and 
motivation, while scientists working on this modality have been directed by the 
general assumption that this sense, like vision and audition, is a channel of in- 
tellectual information. One could make a case for classifying olfaction under a 
general heading of motivation rather than under sensation and perception as one 
of the “other,” “lower,” or “minor” senses. The lesson to be learned from these 
authors is that smell is to emotion what vision is to cognition, and toward the 
end of this review literature relevant to this point will be considered, although 
it will begin in the traditional manner with studies of sensitivity. 


OLFACTOMETRY 


Some still believe that little is known about the sense of smell because the 
stimulus is not known. This interpretation has its subtleties but refers to a state 
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of affairs not peculiar to olfaction. A great deal of work has been done recently 
in instrumentation of the presentation of odorants, enough surely to satisfy those 
who feel psychological research starts with apparatus. 


Blast-injection.—This method refers to the use of various means—a syringe, 
for example—to deliver a measured volume of an odorant into the subject’s 
nostrils. Although this method has been criticized for stimulating touch as much 
as smell, it is still considered useful for medical purposes in controlling the loca- 
tion of stimulation (Schneider et al 115). However, it seems to have largely dis- 
appeared from experimental work in psychophysics. 


Sniff bottles —The simplest and cheapest, but perhaps the worst method is to 
present odorants diluted in water, mineral oil, benzyl benzoate, or diethyl 
phthalate in test tubes or beakers for the subject to sniff (e.g. Engen 31). One of 
the shortcomings of this method is that the physical dynamics of liquids in a 
container may produce great variability or disequilibrium in the vapor the sub- 
ject thus inhales. Although measurement of the liquid concentration is simple, 
the specification of the effective variables of vapor pressure or number of mole- 
cules emitted from the container is almost impossible. One must usually assume 
without being able to demonstrate it that the liquid solution conforms to an 
ideal system according to the rules of Raoult and of Henry. For many research 
problems there is usually no feasible alternative method. Sniff bottles sometimes 
seem to indicate greater sensitivity on the part of the subject than air-dilution 
techniques, to be discussed below, and sometimes the opposite, depending upon 
the physical characteristics of the mixture of odorant and diluent (Stone 124), 
The rate of change of odor intensity as a function of odor concentration has 
been found to be different for liquid- and air-dilution systems (Cain 15, Cain & 
Engen 18). 


Sniff strips —Perfumers sniff odorants from strips of blotting paper which 
provide a more constant vapor than sniff bottles. This does not permit specifica- 
tion of the vapor, but it does seem to produce more reliable responses. One ver- 
sion of this method is to present the odorant on cotton wrapped around a glass 
tod (Engen 32). Another and perhaps the best modification of the sniff bottle is 
the “equilibrium sniffer” (Turk 135). In this case, the odorant is kept in a con- 
tainer with a fritted glass disk with interstices permitting a constant vapor pres- 
sure from the liquid odorant at equilibrium inside the container to be sniffed 
by the subject. 

Except for blast-injection methods, these methods depend on the subject to 
keep the flow rate constant from trial to trial. This is important because, al- 
though the really effective physical or chemical attribute of the odorant is not 
known, Tucker (133) has shown with animal preparations that flow rate together 
with concentration and the nature of the odorant are basic. Subjects can be 
trained to sniff with sufficient constancy for quality experiments where this 
variable is less crucial. However, in experiments with odor intensity at the 
threshold level, one will find that the subjects tend to sniff harder and thus 
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increase the flow rate and hence the likelihood of detection at the expense of 
the overall reliability of the response (Cain 16, Cain & Engen 18). Köster (77) 
has devised a clever system to eliminate this problem by making the subject sniff 
with a constant and moderate force. Essentially the device consists of a wedge 
used as a stopper in a spherical chamber in the tubing. The wedge is lifted up 
when the subject sniffs from a nose piece attached to the tubing, allowing the 
vapor to come through. Yet when the subject sniffs too hard, the wedge will 
block the tube at the other end of the spherical chamber and thus block the flow 
altogether. 

The problems of odorant presentation are important but they are not in- 
surmountable and may have been overemphasized to the extent that students 
have been discouraged from entering the field. Some of the instrumentation de- 
` veloped in olfaction is in fact very elegant. 


Olfactometers.—The more refined methods dilute the odorant in air rather 
than liquid with another carrier gas sometimes being required, depending on the 
nature of the odorant. These techniques are known as olfactometers. The con- 
centration of the odorant is varied by adding known amounts of the odorant, 
calibrated, if possible, by gas-liquid chromatographic techniques or by measuring 
weight loss for a specified duration, flow rate, and temperature. There are several 
variations in construction, but the main differences are well represented by the 
olfactometers designed by Késter (72, 76), Stone, Pryor & Steinmetz (131), and 
Eyferth & Krueger (43). Johnston (58) should be consulted for a detailed review 
of this topic. In addition to such problems as using glass versus Teflon tubing in 
considering problems of absorption, ease of washing, and expense, there are 
three basic variations in design which seem especially important in evaluating 
their practical applicability. 

The first concerns the space surrounding the subject. Based on the old idea 
of a “camera inodorata,” some air-dilution olfactometers are used in conjunc- 
tion with a cubicle for subjects made of glass or plexiglass (Stone et al 131). 
Some are concerned that molecules may be lost through absorption on the walls 
of this kind of cubicle and thus influence the precision of the measurement of the 
odorant; they prefer to present the diluted odorant to the subject more directly 
through a tube, funnel, or nose piece for sniffing or inhaling through the nose 
(Eyferth & Krueger 43, Köster 72). 

A second major difference in designing olfactometers concerns the use of 
capillaries and constant air flow (Köster 72, 76) as opposed to flowmeters and 
variable air flow (Eyferth & Krueger 43, Stone et al 131). Each capillary, provid- 
ing one concentration, must be calibrated separately. This method provides the 
greatest precision in the sense of the reliability of concentration presented, but it 
requires much time and is less flexible than varying the concentration by adjust- 
ing a flowmeter. One disadvantage of the flowmeter is that it depends on the 
accuracy of the adjustment, and perhaps a more serious disadvantage is that the 
physical dynamics of such systems are not well understood, for the float in the 
flowmeter may be fluctuating without the experimenter being able to stop it or 
to account for it. Those who propose the use of fiowmeters state that satisfactory 


-190 ENGEN... 


control can be obtained experimentally through trial and error (Eyferth & 
Krueger 43). 

The third difference concerns multichannel as opposed to single channel in- 
struments. Olfactometers are usually limited, compared with the liquid dilution 
techniques described above, to the study of the intensity of only a few different 
odorants—one channel being required for each. They are also expensive, but if 
money is no object, of course these problems can be overcome. The Eyferth- 
Krueger olfactometer (made in Germany) is a programmable, multichannel 
instrument capable of presenting any one of a wide range of concentrations for 
any one of 24 different odorants on a given trial and with short intertrial intervals 
with the opportunity of monitoring each odorant gas chromatographically. See 
Cheesman & Kirkby (21) and Springer & Hare (120) for multichannel olfactome- 
ters for testing groups of subjects. The latter describes the so-called ‘‘sniffmobile,” 
a sophisticated mobile laboratory designed for study of diesel engine exhaust 
odor but adaptable to other uses. A flexible mobile laboratory, similar to the 
Eyferth-Krueger apparatus described above, was designed in Sweden (Lindvall 
84). See the report of the Third Karolinska Institute Symposium on Environ- 
mental Health (65) for apparatus and methodology for the detection of air 
pollutants. f 


Artificial noses —Combined with the advance in odorant presentation there 
have been technological advances in building odorant detectors to supplement 
noses. For example, in a military application such instruments could be built to 
detect odors characteristic of an enemy because of his peculiar diet. The develop- 
ment of analytic methods, especially gas chromatography, infrared spectroscopy, 
and mass spectrometry (Wright 141), have suggested some promise of replacing 
the human nose in many practical situations. Of course, since the crucial at- 
tribute of the molecule is not yet known, such efforts tend to be limited to fairly 
specific substances where such analytic methods are known. For a review of such 
research, see Dravnieks (26). 


ODOR INTENSITY 


Psychophysical function—Whether one is interested in the neural transduc- 
‚tion mechanism or air pollution, knowledge of the mathematical form of the 
relationship between concentration and perceived odor intensity would have 
high priority. The last decade has seen great progress in such psychophysical 
research and the simplicity of this “new psychophysics” and its direct scaling 
methods (Stevens 123). This development has been especially helpful in the study 
of smell, where it is difficult to vary the stimulus quickly in small steps as required 
by classical psychophysics which limited itself to detection and discrimination. 
Since psychophysical laws are not of the kind one can repeal, the validity of 
Fechner’s logarithmic function is still assumed by some, especially nonpsychol- 
ogists (Appell 4, Hainer 47). The results obtained with a great number of different 
methods of odor presentation, odorants, and psychophysical scaling procedures, 
from Jones (60) to Henion (56), indicate the superiority of Stevens’ power func- 
tion. (According to Stevens, perceived odor intensity grows as a function of 
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stimulus intensity raised to some power.) This power, or the exponent of the 
psychophysical function, varies for different odorants. Individual differences in 
the exponent have been observed in this modality as in others, but these appear to 
reflect genuine differences in perception rather than response bias, as many have 
been inclined to believe [see Berglund et al (9) for a summary of such studies]. 
The remaining and most basic psychophysical problem is how to account for 
the differences in exponent associated with different odorants in terms of their 
physical and chemical attributes. 

For more limited sets of odorants—homologous alcohols, for example— 
decreases in the exponent have been found to be related to chain length and thus 
perhaps to oiliness (Henion 52, 53) or water solubility (Cain 15; Engen 31, 32; 
Rovee 109). Mitchell (89) cites evidence contrary to the latter finding (Mitchell 
& Gregson 90, 92), but Cain (17) makes a strong rejoiner defending the conclu- 
sions for the similar odorants involved, but adds that as in the case of most past 
attempts to explain detection data (Davies & Taylor 23, Wright 141), a more 
complex physical model may be required for more diverse sets of odorants. 
Such a model has been proposed by Laffort (78, 79). According to this model 
the increase in the exponent, or the steepness of the psychophysical function, 
seems to be the result of the combined effect of molar volume, hydrogen bond- 
ing, and polarizability. It must be borne in mind that the Laffort formula must 
be considered as tentative, for it entails several parameters adjusted to fit the 
data. Nevertheless, the emphasis on the combined effect of several variables 
may represent the necessary approach. A more traditional approach is repre- 
sented by Beets’ (6, 7) hypothesis of “profile functional groups,” which suggests 
that the quality of an odor depends on the profile of the molecule while its 
functional group determines its affinity with the receptors. 

There is evidence that the power function may also fit physiological responses 
associated with olfactory stimulation, but the results are not conclusive (Engen 
34). Døving and his colleagues have shown that electrophysiological responses 
for single units in the frog correlate well with psychophysical judgments of the 
intensities of the same odorants (24, 25). The suggestion is made that the frog 
may be used as a biological detector for practical or applied problems instead of 
the human nose which is always suspect as an instrument of precision. 


Detection.—In addition to the slope of the psychophysical function, future 
work in psychophysical scaling may be expected to emphasize the other parame- 
ters of the power function. In vision and hearing, the power function usually 
fits the form Y = k$ —ġo)" where d is perceived intensity, k is the constant de- 
pending on the choice of units, ¢ the physical intensity, ġo a value related to de- 
tection threshold or minimal concentration detectable under the experimental 
conditions, and n the exponent discussed above. In olfaction it is not possible to 
be as precise in specifying the form of the power function, largely because of 
problems related to ġo. In audition and vision both do and n increase as a function 
of adaptation, but in olfaction only n can be said at this stage to behave pre- 
dictably in this fashion. Sometimes the psychophysical function tends to become 
flatter rather than steeper, as‘in the other modalities for weak concentrations, 
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possibly because the subject starts sniffing harder as the concentration becomes 
weaker and thus increases flow rate (Cain & Engen 18). 

A related and more serious problem is that the tendency to make false posi- 
tive judgments, or “false alarms” in contemporary detection jargon, seems from 
all indications to be much more likely in olfaction than in audition and vision 
(Berglund et al 11, Corbit & Engen 22, Engen 35, Semb 117). It is not under- 
stood why this is the case, but it could be a result of stimulus variability, difficulty 

_in identifying odors, or a high “noise” level. The nose is far from a camera in- 
odorata. Whatever the answer, the effect of this is undoubtedly to make thresh- 
olds higher, more variable (Pangborn et al 103), and less useful in this modality 
than in the others. For example, it was shown in a recent study of discomfort 
associated with pulp mills that there is a strong tendency to report the presence of 

. odor when it is not there (Cederlöf et al 19). No modality may gain more from 


` the development of a detection theory than olfaction, for the subject’s criterion 


for what to call an odor (“yès, I smell something”) is easily manipulated as the 
result of practice, motivation as manipulated by monetary reward, feedback in- 
formation from the experimenter, and irrelevant cues, such as the color of an 
odorant (Engen 33, Semb 117). 
_ An added problem may be the difficulty subjects seem to have in distinguish- 
ing between sensations of odor and taste and irritation, the latter assumed to be 
associated with the trigeminal nerve (Mitchell & Gregson 91). The failure of 
Stone & Pryor (129) to replicate Engen’s (29) finding that a higher concentration 
of an odorant is required for recognition of the quality of an odor than for mere 
detection of a nondescript odor may be explained in terms of the subject’s 
criterion of response, which was not controlled in either of the two experi- 
ments. A related study of Steinmetz, Pryor & Stone (121) showed that the effect 
of introducing a blank in a detection experiment is to lower the concentration 
required for detection, providing an example of the possibility of such control. 

One might expect the same response bias to affect the difference thresholds, 
but no such studies have been reported. Nevertheless, the work of Stone (125) 
and Stone & Bosley (128) is undoubtedly both practically useful and valuable 
from the point of view of comparative psychophysics. It indicates that a change 
of about 25 percent in the concentration of an odorant may be necessary for the 
subject to notice that the odor intensity has changed. Using this index, the sense 
of smell is probably the dullest of all the sense modalities. However, the nose 
seems surprisingly keen and similar to hearing, according to von Békésy (138), 
in its ability to determine whether an odorant was presented from the left or 
right. Schneider & Schmidt (114) agree but believe that trigeminal and other 
cues may be involved. 

Despite the difficulties with so-called thresholds, many still argue that such 
data are more objective than psychophysical scaling because they require only a 
simple “Yes” or “No” response from the subject (e.g. Steinmetz, Pryor & Stone 
122, p. 329). They claim that the nose is a reliable indicator of the presence of an 
odorant in the environment, even though the observer is also affected by auditory 
and visual stimulation and whether he is resting or exercising (Steinmetz et al 
121; Stone & Pryor 129; Stone, Pryor & Colwell 130). However, Bocca & 
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Battiston (13) are more inclined to conclude that threshold is affected by environ- 
mental changes, especially temperature and humidity, and by individual factors. 
On the other hand, Stone (126, 127) obtained data on human subjects similar to 
those obtained by Tucker (133) on animal preparations which indicate that ex- 
ternal temperature may not be crucial, because by the time the vapor reaches the 
olfactory region it has been modified to body temperature. Regarding individual 
factors, the evidence indicates that odor sensitivity decreases with age (Bartalena 
& Bocci 5, Kimbrell & Furchgott 67). Chalke, Dewhurst & Ward (20) suggest 
that this may be an important factor in the increased likelihood of accidental 
poisoning in old age. 

An oft-quoted study by Le Magnen (81) regarding the relationship between 
the menstrual cycle and odor sensitivity has stimulated much discussion and 
several experiments. Le Magnen observed that women are less sensitive to the 
odor of Exaltolide (a lactone of 15-hydroxypentadecanoic acid which smells like 
musk) during menstruation and more sensitive just before ovulation, or 7 to 9 
days before the next menstrual period. Exaltolide is used as a fixative in perfumes 
and is apparently related to steroid sex hormones associated with the odor of 
urine and perspiration (Kloek 68); it could be considered a possible pheromone 
in the case of man. Vierling & Rock (137) report data indicating a relationship 
between estrogen secretion and sensitivity to Exaltoline. Köster (70, 73) also 
reports data supporting Le Magnen, but adds that there are individual differences 
in the effect related to the overall length of the menstrual cycle and that change in 
sensitivity does not seem limited to specific odorants. Kloek (68) also observed 
great individual differences and could not verify “le phenoméne de l’exaltolide.” 

A number of other papers have a bearing on this problem. Schneider (113) 
concludes that women are generally more sensitive to odors than men, and 
Koelega’s (69) findings support that conclusion. Koelega could not find a reliable 
relationship between the personality characteristic of extroversion and sensi- 
tivity as hypothesized in personality theory. Observations by Moncrieff (95, 96) 
on the relationship between odor experience and EEG has not yet produced any 
reliable correlations. Interesting but inconclusive clinical observations attempt to 
link odor perception to sex and repression (Kalogerakis 64; Rosenbaum 108; 
Rubert, Hollender & Mehrhof 110). 


Self-adaptation.—Olfaction is often described as a sense modality character- 
ized by the effect of adaptation. This is usually illustrated with a short descrip- 
tion of a person entering a room who notices an odor which then quickly de- 
creases in intensity and fades below threshold. This is an anecdote which has 
been repeated in so many textbooks that it is apparently accepted as fact. It is 
not that simple. 

Adaptation may be expected to affect the ability of the subject to detect the 
odor, the rate at which the perceived odor intensity grows as a function of in- 
crease in concentration, or by the perceived intensity of any suprathreshold con- 
centration. The most relevant experiment for the latter situation is by Ekman 
and co-workers (28). They asked subjects to report on the perceived intensity of 
a constant concentration of an odorant (0.7, 0.9, 2.6, or 6.4 ppm of hydrogen 
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sulphide). The results indicate that perceived intensity decreases exponentially; 
that is, the odor did not disappear but reached a new asymptotic level after 4 
minutes. 

Similar results ı were obtained by Cain (16) in scaling homologous alcohols. 
Continued exposure to a constant adapting odorant did increase the steepness 
of the psychophysical function, as expected from studies in vision and audition, 
and the stronger the adapting concentration the steeper the function. Yet the 
duration of the presentation of this adapting stimulus had only a relatively 
minor effect. 

Steinmetz et al (122), and shortly thereafter Pryor, Steinmetz & Stone (106), 
in a revised self-adaptation experiment reported results similar to Cain’s on the 
effect of concentration on self-adaptation, but in addition, they found a “sub- 
stantial” effect of the duration of adaptation. Another important distinction in 
the results of Pryor, Steinmetz & Stone (106) is that their data do not show the 
rapid initial effect of adaptation observed by Ekman et al (28), and also these 
later findings apparently are in contradiction to their own earlier observations 
(131, p. 155). 

The recovery from adaptation, that is, increase in perceived intensity when 
the adapting stimulus is removed, has also been observed in the experiments 
described above, but the nature of the recovery function is even less clear. 
Köster (71, 74, 76) believes that part of the problem may be that different recep- 
tors recover at different rates. One would expect related differences in rates of 
adaptation, but there are apparently no data bearing directly on this issue. 
Gradijan & Brebbia (46) found that the effects. of adaptation and recovery are 
asymmetrical and suggested that a single channel electrical system may provide a 
useful model for such research. 

It is unfortunate that different experimenters have tended to use different 
odorants, for it obviously makes interpretation more difficult. In addition to 
using the same odorants, it would also be desirable to observe more carefully 
the possible effects of response tendencies which might operate in these experi- 
ments. The possibility exists that when an adaptation effect has been observed 

‘it has been because.the experimental situation led the subject to expect that such 
should be the case, that is, a bias to “miss” the signal in contemporary detection 
terminology. When the effect of adaptation has been small, it may have been 
because the experimental situation has led the subject to expect that effect and 

- thus create a bias for “false alarm.” 

The same criticism applies to all but one of the experiments measuring the 
effect of adaptation with detection performance (Berglund et al 11). In this case, 
the tendency toward false alarm was estimated by occasionally interpolating 
trials with pure air instead of the test stimulus. The proportion of false alarms 
appears to have been constant for the duration of adaptation, but there were 

- individual differences suggesting the need for a larger sample of data. The results 
show an effect of the concentration of the adaptation stimulus on the detectabil- 
-ity of a previously determined threshold concentration of hydrogen sulphide, 
but again no substantial effect was observed from the duration of adaptation. 
Pryor et al (106) showed an effect for methyl isobutyl ketone consistent with-their 
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suprathreshold data, but they did not evaluate the subject’s response bias, even 
though trials with blanks were used in the experiment. 

Pangborn et al (103) found large individual differences in thresholds for 2- 
heptanone, but no evidence of the effect of adaptation. Köster (77) argues that 
there are differences in their thresholds obtained for ascending and descending 
series constant with an adaptation hypothesis. The problem is, however, to dis- 
tinguish between sensory adaptation and (nonsensory) habituation, the explana- 
tion favored by the authors. In his own experiments Köster (77) finds evidence for 
self-adaptation effects both in case of concentration and duration for a range of 
concentrations, including values near threshold. 

One conclusion on which all contemporary investigators may agree is that 
Zwaardemaker’s work, which suggested that adaptation has a linear effect on 
threshold as a function of duration, was misleading. An exponential function 
fits the threshold data better, and it is also better than a linear function for supra- 
threshold data. There may also be agreement that concentration has a greater 
effect on the sensitivity of the sense of smell than duration. Teleologically, it 
does not seem reasonable that the only channel responsive to a large number of 
environmental agents should be limited to only a few minutes of functioning 
(about 5 minutes, according to classic literature) before succumbing to the effect 
of adaptation. There may be a mechanism whereby olfactory stimulation is varied 
in a manner analogous to eye movements. One potentially important experi- 
mental variable not yet explored is the manner of presentation of the odorant 
discussed above. Normal breathing, as permitted in some experiments, may pro- 
duce different adaptation effects than procedures in which the odorant is pumped 
directly into the nostrils, For example, normal breathing may provide a way for 
the subject consciously or unconsciously to vary the stimulation by varying the 
depth of inhalations. Although the experiments discussed were not systematically 
different in the manipulation of this variable, consideration of it may help to 
resolve the problem. 


Cross-adaptation.—Cross-adaptation, coadaptation, or selective adaptation 
has been used to study the specificity of odor receptors. Although it has been 
demonstrated that prior exposure to one odorant will decrease the sensitivity to a 
second odorant, by requiring a higher concentration for detection, for example, 
the method generally has been disappointing (Engen 30, Köster 77). Cain (16) 
showed that cross-adaptation data may be asymmetrical. For example, he found 
that pentanol had a relatively strong effect on propanol, but propanol had only a 
small effect on pentanol, even though they were matched in subjective intensity. 
No data can be cited which show symmetrical cross-adaptation effects consistent 
with a hypothesis of psychological similarity. 

One practical problem under this heading is whether smokers are less sensi- 
tive to odors (and taste) than nonsmokers. Pangborn, Trabue & Barylko- 
Pikielna (104) could find no reliable differences between (em in the case of vanillin 
and 2-butanone. Conversely, Moncrieff (99) reports that he and other investiga- 
tors have found noticeable effects of smoking in the case of substances identical 
or similar to those found in tobacco smoke—in pyridine, for example. Possible 
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adverse effects of the working environment have been observed for iron workers 
who smoke (Modica, Rossi & Sfogliano 94), and in more general terms there are 
effects of air pollution (Kaiser 63). Of course, these refer to chronic physiological 
effects as opposed to temporary adaptation effects. 


Facilitation Another reason for questioning the validity of the method of 
cross-adaptation applied to the study of qualitative similarity was suggested by 
findings of cross-facilitation; this is the opposite effect from cross-adaptation in 
that an odorant may seem stronger, not weaker, following prior exposure to 
another odorant. This was apparently first observed for certain pairs of homol- 
ogous alcohols used with young infants as subjects (Engen & Bosack 36). For 
example, propyl alcohol elicited a stronger response when it was presented im- 
mediately after octyl alcohol than it did following the diluent or ethyl alcohol. 
One can only speculate about the explanation for this finding, but it may be asso- 
ciated with the solubility of the odorants in relation to the characteristics of the 
mucous layer. Köster (77) reported he could find no evidence of such facilitation 
and suggested (p. 175) that the results should be verified “by different methods 
with ordinary subjects.” This has been done (Corbit & Engen 22) using adult, 
well-practiced subjects in a signal-detection experiment. In addition to verifying 
the existence of cross-facilitation, these experiments also showed the expected 
self- and cross-adaptation for other pairs of homologous alcohols. The facilita- 
tion effect is apparently real, although it may only be obtained for very weak 
concentrations. 


Opon Quatrry 


Identification.—In addition to the effect of adaptation, the sense of smell is 
assumed to have one other salient characteristic—the ability to identify and re- 
member different odor qualities is reputed to be tremendous. Although textbooks 
often discuss this characteristic, no data are likely to be presented, save some 
personal anecdotes, quotes, or paraphrases from authors. However, the reputa- 
tion regarding odor quality may be exaggerated. It is at least partly the result of 
semantic confusion of identification of a single odorant without a standard of 
comparison with discrimination between odorants presented simultaneously. 

Regarding man’s ability to identify single odorants, informational analysis 
indicates that man is not able to identify more than 16 qualitatively different 
odorants without making errors (Engen 33, Engen & Pfaffmann 41). In order to 
familiarize himself with each one of the odorants and eliminate any possible con- 
fusion, the subject is first asked to inspect all of them as long as he wishes. 
Then he is tested with the odorants presented one at a time in a random order. 
When the number in the set exceeds 16 the number of misidentifications begin to 
increase rapidly. Although these subjects were practiced students, they did not 
have the experience of chemists or perfumers, and many believe that such expert 
subjects would do better (e.g. Fuller, Steltenkamp & Tisserand 45). Jones (61) 
showed that this does not seem to be the case. He obtained nearly the same re- 
sults with one chemist and two perfumers, all with long years of experience in 
their professions. Jones also practiced other subjects, but without striking im- 
provement in performance. 
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As measured by the Shannon-Wiener measure of information, the channel 
capacity of the nose for odor quality is about 4 bits/stimulus, and certainly no 
more than 5 bits/stimulus for the best subject under the most favorable conditions. 
Another interesting item of information reported by Jones is that the perfumers 
chose to remain anonymous! Although there is a limit on the channel capacity of 
the nose, this is not to say that professional sniffers are not different from the unini- 
tiated. A study by Harper, Land & Griffiths (51) points out that the difference be- 
tween experienced and inexperienced subjects is that the latter tend to use more 
concrete terms than the former in describing odors; for example, experienced sub- 
jects describe benzaldehyde as “fragrant” and “sweet” while an inexperienced 
subject may say “almond.” This is consistent with the common observation that 
there is no odor vocabulary and that an odor is identified by describing what it 
smells like or of what it reminds the observer. It is likely this problem of the verbal 
code rather than the afferent neural code which limits the subject’s ability to 
identify odors. 


Odor similarity and classification — This is the task in which one might expect 
perfumers to excel. To some, judging and classifying odors in terms of their sub- 
jective similarity is the most basic problem of sensory psychology (Harper 48). 
Although some agreement on an odor glossary has been developed (Harper, 
Bate-Smith & Land 50), nothing of the specificity of the “primary colors” has 
emerged for odors. For a diverse set of about 50 odorants, as many as 40 terms 
may be needed to cover the range of qualitative differences, according to Harper 
and his colleagues (49-51). The same problem has been observed in the case of 
odorants which belong to the same subjective class. Johnston (59) found in a 
study of 24 putrid odors that as many as 9 subclasses could be established for 
this quality alone. 

Such results do not encourage an approach whose purpose is: first, to classify 
the odorants in as few classes as possible based on the subjective similarity of 
their odors; next, to search for the physical and chemical similarity of the 
odorants in each class; and finally, to be in a position to consider the neurophys- 
iological transduction mechanism. 

The most prominent odor classification system—and perhaps the only remain- 
ing contender—is that based on the stereochemical theory proposed by Amoore 
(3). His hypothesis is that similarity of the odors of chemically and physically 
different compounds is related to the similarity of their molecular sizes and shapes. 
Originally it seemed that odorous compounds had one of seven different shapes, 
each of which appeared to correspond well with a different and presumably 
“primary odor” (e.g. camphoraceous, ethereal, etc). On the receptor side, it was 
assumed that there were specific receptors or sites formed to accommodate these 
stereochemical shapes; for example, the camphoraceous molecule would be 
shaped something like a ball and fit in a site shaped like a bowl, while ethereal 
would be associated with a shape more like a sausage and fit in an oblong dish- 
like site. 

As a result of continued investigation of judged odor similarity and stereo- 
chemical measurements of molecules, it was first suggested that another primary 
corresponding to the sweaty odor of butyric acid may be needed (see Amoore 2). 
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Wright (141) suggested that as many as 20 to 30 specific receptors might be re- 
quired to account for the ability of the nose but, as noted above, this ability is 
often overestimated. McCartney (87) has also criticized the theory, particularly 
with respect to the questionable reliability and validity of the subjective descrip- 
tions of odors and the complete lack of evidence for the existence of the recep- 
tor sites. Amoore (1-3) is pursuing the problem by studying specific anosmias 
which he feels miay be associated with such specific receptors. 


Multidimensional analysis of odor similarity—Multidimensional analysis is a’ 
more modern approach to odor classification (80, 116, 139, 140, 142, 143), In- 
stead of relying on different subjects to use the same glossary for odors, these 
techniques simplify the task by requiring only simple judgments of the similarity 
of the odors. The variability of these judgments is analyzed to determine the 
number of ways (dimensions) in which they seem to be different among the sub- 
jects, and then there is an attempt to label or characterize the perceptual experi- 
ence associated with each dimension. 

` No generally applicable psychological dimension, and certainly no dimen- 
sional system, a so-called “odor space,” has been revealed. A recent experiment 
by Berglund and co-workers (10) indicates evidence for individual odor spaces, 
but the differences between individuals were too large to consider group data. The 
effect of odor intensity, largely ignored in earlier studies of odor quality, was also 
found to be pronounced. This finding is consistent with those of Eyferth (42) 
and Wender (139), who explored this particular problem systematically. 

Another problem with multidimensional scaling is that the subjects emphasize 
different perceptual attributes in different situations and for different sets of 
odorants. For example, for a diverse sample of odorants some odors may be 
judged as floral, others as putrid, etc. However, if the set of odorants should be 
less diverse, as in: Johnston’s (59) sample with putrid odors, Engen’s sample of 
homologous alcohols (30), or mixtures of odorants (31), finer discriminations or 
less abstract terms may be considered by the subject. In the studies where diverse 
samples of odorants have been used, a hedonic (pleasantness-unpleasantness) 
dimension has emerged as the factor accounting for most of the variance in the 
similarity judgments. This suggests still another problem in achieving a pscyho- 
logical base for the quality code, because hedonic attributes of the odor may be 
assumed to be largely influenced by personal experience and cultural norms 
(e.g. Engen & Corbit 37, Shoben 118). That is, similarity judgments of odor are 
not limited to sensory or perceptual attributes. 

It should also be noted that the mathematical models most often used for the 
analysis of odor similarities assume that the sense of smell is synthetic like vision 
in the case of color perception, rather than analytic like audition in the case of 
perception of individual notes of a chord. However, practical use of the nose, in 
such activities as cooking and making perfumes, requires the ability to identify 
components of mixtures, suggesting that the sense of smell is analytic. . 


Odor mixture—Foster (44) apparently leans toward synthesis because he 
found the components of mixtures most often blended into a new, single quality. 
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Mozell (101) has suggested that one test of whether the sense of smell is synthetic 
or analytic would be to employ an odorant containing only one kind of molecule 
and another of the same perceptual quality but consisting of a mixture of two 
or more kinds of molecules. If the subjects could not tell them apart, this would 
be analogous to the case in which perception of a color resulting from a mixture 
of wavelengths may not be distinguished from that perceived in a single or a very 
narrow bandwidth of wavelength. Mitchell & McBride (93) inadvertently ob- 
tained information on half of that experiment when they mixed eugenol and 
propanol and found that it yielded a very good blend yet one so different from 
either component that propanol could not be used to mask eugenol. To complete 
the analogy, of course, one must find another pure odorant indistinguishable 
from the blend. Perhaps the sense of smell, like all other senses, is sometimes 
synthetic, sometimes analytic. Finding the answer depends ultimately upon 
- knowledge of the stimulus. 

Two classical psychological problems observed in mixtures of odorants are 
compensation, the complete disappearance of odor from a mixture of odorous 
components, and synergy, the enhancement of the intensity of one odorant when 
mixed with another. The experiments reported above on facilitation in odorant 
detection may be cases of synergy, although the usual definition of it involves 
mixtures where the components are thus presented simulaneously rather than 
successively as in the facilitation experiments (Kendall & Neilson 66). Késter 
(75, 76) found little evidence of synergism and agreed with Jones & Woskow 
(62) that synergy takes place only for weak concentrations. Késter did, however, 
find many instances of compensation for mixing ratios of about 85 percent for one 
odorant and 15 percent for the other, for example, cyclohexanone and dioxan. 

As far as perceived intensity is concerned, the most typical result of mixing 
odorants seems to be that the intensity of a mixture falls somewhere between the 
sum and the mean of the perceived intensities of the components of the mixture, 
According to Jones & Woskow (62), this suggests that smell tends to be analytic, 
especially in the case of qualitatively different odors such as sec-butanol and 

- amyl acetate which do not form a good blend. Even the sum of very similar 
odors of dimethyl monosulphide and dimethyl sulphide, according to Berglund, 
Berglund & Lindvall (8), smells only 60 percent as strong as expected from the 

“perceived intensity of these odorants considered separately. In another experi- 
ment, Berglund et al (12) showed that a simple vector model in which the stronger 
of the components receives a larger weight than the weaker component provides 
a better prediction of obtained data than the average of the intensities of the 
components. This seems to apply to Késter’s data of compensation mentioned 

“above and, in general, to results described by related terms such as odor inter- 
action, addition, and masking. However, the vector model does assume that the 
effects of the components are symmetrical as opposed to the asymmetrical effects 
observed in the facilitation experiments (Corbit & Engen 22, Engen & Bosack 36) 
where, for example, prior presentation of heptyl alcohol tended to facilitate the 
detection of propyl alcohol, but prior presentation of propyl alcohol tended to 
decrease the detection of heptyl alcohol as in a cross-adaptation. 

„ The psychological effects of mixing odors is more than an academic prob- 
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lem, because the possibility exists that odorous pollutants may have synergistic 
effects on one another (Modica et al 94; Rosen, Peter & Middleton 107). Such 
practical consequences are, of course, the concern of health officials, but deodor- 
ant manufacturers are also interested. They claim to be able to mix an undesirable 
odorant with a desirable one to produce an acceptable or even desirable blend or 
to mask the undesirable odorant with a dominant or desirable one (Mitchell, 
Konigsbacher & Edman 88; Swaine 132). Unfortunately, no rules are provided. 
The working assumption seems to be that masking effects are very specific, such 
that one will need different deodorants for different odors. 


The hedonics of odor.—Foster (44) concluded that the perceived intensity and 
pleasantness of an odor are negatively correlated but independent. Henion (54, 
55; see also Lange 80) finds that the correlation is almost 1.0, which suggests to 
him that subjects may not be able to judge intensity independently of pleasant- - 
ness and vice versa. Some odorants seem both unpleasant and strong to most 
subjects at any concentration at which they can be recognized (Berglund et al 9). 
When such unpleasant odorants are scaled for intensity, as discussed above, they 
tend to be judged strong at all concentrations, which results in a flat function 
(small exponent) with a high value of the parameter (indicated by & above) re- 
flecting the choice of units. An interesting and perhaps related finding is that the 
range of the perceived intensity of odors, from weakest to strongest, seems much 
less than that of the subjective range from the most unpleasant to the most 
pleasant odor (Engen & McBurney 39). Moncreiff (98) has suggested that “he 
smells best who smells nothing” (p. 244), a reference to the general notion that 
odor is bad and the stronger it is the worse it is. Although the perceived mag- 
nitude of a percept in psychology has often been found to be influenced by the ~ 
context in which the stimulus object is judged, the individual’s judgment of 
pleasantness of odors may be relatively stable but may vary more from individual 
to individual than is the case with perceptual attributes in other modalities 
(Sandusky & Parducci 111). 

It is often assumed that there are innate mechanisms which will produce ap- 
proach and avoidance behavior, sometimes expressed in rules of survival such 
as “if it smells good and tastes good, eat it.” Reliance upon such advice may have 
disasterous effects if given to small children (Engen & Moskowtiz 40). Although 
children at least 4 years of age and perhaps even newborn infants (Engen & Lip- 
sitt 38; Lipsitt, Engen & Kaye 86) are able to discriminate between odors, they 
are much more tolerant of them than are adults. Preferences seem to be the com- 
bined effect of cultural norms and individual experiences (Engen 35). Moncrieff 
(98), who apparently favors a more biological explanation of preferences, still 
finds age the most important determiner of odor preference, followed by sex, 
temperament, and intelligence. 

Moncrieff also claims that the needs of the body will determine what will be 
liked. Duclaux & Cabanac (27; see also Cabanac 14) make a strong case in at- 
tributing the pleasantness of odors (and hedonic judgments generally) exclusively 
to the “milieu intérieur.” They argue that while sensations are dependent upon 
external stimulus factors, the “milieu extérieur,” pleasantness is not. For example, 
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they found that the odor of orange syrup smelled pleasant to fasting subjects, but 
that they gradually found it less and less pleasant, and finally unpleasant, during 
a period of one hour following ingestion of glucose. Throughout this period, 
however, they presumably were able to make reliable intensity judgments of the 
odor of orange syrup. 

Another indication of the relation between need and odor pleasantness is 
considered by Kalogerakis (64) in connection with clinical and anecdotal data. 
His hypothesis concerns the “antisexual instinct,” said to have been suggested 
first by James, and states that the body odor ofanother person may seem pleasant 
or unpleasant depending on whether or not the observer is sexually aroused. 

Evidence that odor plays a primary role in the taste and flavor of food has 
been demonstrated convincingly with a clever method developed by Mozell et al 
(102). An air stream was flowed through both nostrils at a rate of 2.25 liter/min, 
thus preventing odorous molecules from reaching the olfactory receptors through 
the regular channels or by backing up from the mouth when eating. The subjects 
wererequired to identify each of 20 common food substances such as coffee, cherry, 
and lemon by taste alone. Their ability to identify them dropped dramatically from 
about 60 percent with the sense of smell to about 10 percent without the use of the 
sense of smell. In a related study, Skramlik-Berlin (119) has analyzed the effective- 
ness of compounds on taste vs smell and how they combine perceptually near the 
threshold level. 

Increased concern about air pollution, both from the point of view of the 
effects of toxic substances and also of harmless but unpleasant and annoying sub- 
stances, has stimulated psychological (Lindvall 82) as well as physical and chem- 
ical analysis (65; Turk & Mehlman 136). In Sweden complaints about odor dis- 
comfort range from 27 percent in rural areas to 78 percent in urban areas (Lind- 
vall 83). Odor survey techniques with untrained observers have been found to 
provide reliable results (Horstman, Wromble & Heller 57). There are even mobile 
laboratories with facilities for sampling and assessing the air in any locality and 
then presenting it in carefully measured olfactometric quantities to local citizens 
serving as subjects (Lindvall 84). Another mobile laboratory presents diesel 
fumes from its own engine in precise doses to groups of such subjects (Springer 
& Hare 120). 

Psychophysical scaling of odor intensity (Lindvall & Svensson 85) has in- 
fluenced legislation in Sweden. The practical problem concerned how to measure 
the efficiency of combustion toilets, a problem of potentially great ecological 
value and surely basic enough for the most discerning critic of psychological 
measurement. The experimenters matched the unpleasantness of the odor of 
manure treated in such toilets with the unpleasantness of various concentrations 
of hydrogen sulphide. With the knowledge of the parameters of the psycho- 
physical function, it was ruled that houses with such toilets must be at least 200 
meters apart in order to reduce sufficiently the detectability of the odor! 


CONCLUSION 


A great deal of progress has been made in the study of the sense of smell, es- 
pecially from a technological and practical point of view. The preceding example 
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of a psychophysical study that influenced legislation is testimony to this progress. 

While smell is still classified as one of the “lower” or “other” senses, it seems 
that the time has passed in psychology when animal psychologists study learning 
problems using visual cues in animals with poor vision. As for man, it is perhaps 
true that civilization has made his sense of smell lose much of its survival value. 
Yet some (e.g. Moncrieff 97) think it might still regain the importance it may 
once have had, and perhaps still has in so-called primitive societies, as civilized 
societies continue to pollute the environment. 
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The first reaction by the authors while preparing a review chapter is the 
stringent requirement of selectivity. Less than 30% of the more than 1000 articles 
originally screened from the 1970-71 literature survived our classification and 
selection process. Those that were chosen reflect the limitations, interests, and 
biases of the reviewers. The reader will note the emphasis on visual perception as 
well as the implicit assumption that the correlation between phenomenal and be- 
havioral measures of perception and their neurophysiological substrate is becom- 
ing increasingly feasible following recent advances in physiological and quantita- 
tive analytic techniques. 

In surveying this literature, we were struck by the large number of studies 
with inadequate experimental design and/or weak conceptual framework. Un- 
fortunately, some good articles were also excluded from this review because of 
space restrictions and overlap with other chapters in this volume. 


Booxss AND Reviews 


Entries which are relevant to special topics covered in this chapter will be 
cited later. General items include Visual Perception by Cornsweet (63), which 
places heavy emphasis on physiological and anatomical factors, quantitative 
methods, and the application to the visual system of the modulation transfer 
function and Fourier analysis. Some readers might be more comfortable if the 
prefix “Foundations of” had been added to the title. In any case, the book is a 
well-written, welcome, and valuable contribution. 

The third edition of Woodworth and Schlosberg’s Experimental Psychology, 
edited by Kling & Riggs (155), includes chapters by Engen on Psychophysics, 
Alpern on Eye Movements, Boynton on Color Vision, and two chapters by 
Hochberg on perception. The old complaint that there are no secondary sources 
on perception is rapidly evaporating. The applicability of Helson’s theoretical 
position is explored by a number of authors in Adaptation Level Theory, edited 
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by Appley (9). The Intelligent Eye, by Gregory (116), is based on a series of lec- 
tures presented on BBC television. The many readers familiar with his Eye and 
Brain (115) will find this to be a heuristic companion volume. The intimate rela- 
tion between visual perception and art, developed to some extent by Gregory, is 
treated comprehensively in Arnheim’s Visual Thinking (10) and Pirenne’s Optics, 
Painting, and Photography (217). 

In this same spirit of increasing communication between visual scientists and 
others for whom perception is an integral part of their daily activities, the com- 
pendium Early Experience and Visual Information Processing, edited by Young & 
Lindsley (294), should be noted. The papers were originally presented at a sym- 
posium at which the speakers were urged to “‘. . . emphasize points about which 
workers in other disciplines should be aware.” Vision and Highway Safety, by 
Allen (3), reviews and interprets the literature of relevance to this critical problem. 


INSTRUMENTATION AND METHODOLOGY 


Historically, significant advances in our understanding of sensory and per- 
ceptual processes have followed the development of new measurement techniques. 
During the period reviewed, a number of devices have been designed for the con- 
tinuous recording of accommodation. Although developed in part for clinical 
purposes, they open the possibility of experimental study of the accommodative 
response, a function of considerable biological importance which is influenced by 
both attentive and autonomic factors. Devices utilizing infrared reflection, based 
on the principle discovered by Campbell & Robson (45) are proposed by Corn- 
sweet & Crane (64) and by Wildt & Bouman (288). An automatic refractometer 
has been reported by Knoll (157). The availability of low cost lasers has resulted 
in the availability of a technique for evaluating relative accommodation which, 
in contrast with previous methods, has been shown not to interfere with the 
amount of accommodation in force (128, 156). In contrast with the continuously 
recording devices, the laser method is inexpensive although it is also applicable 
to a wide variety of psychological problems. 

With refinement in techniques of recording evoked potentials, applications to 
a wide variety of problems, including sensory and perceptual phenomena, have 
followed naturally. Evoked potentials have helped in the analysis of metacon- 
trast, intensity-time relationships, and binocular summation (284). [For an his- 
torical summary and review, see Ludlam, Cohen & Ludlam (174) and Pitts (218).] 
The report by Harter & White (121), and subsequent experiments by Millodot & 
Riggs (194) and by Duffy & Rengstorff (75) showing that image quality and other 
parameters can be assessed objectively, will undoubtedly prove to be a valuable 
technique in both the laboratory and the clinic. 


MopeLs oF PERCEPTION 


With the increase of our knowledge about the physiology of the visual system, 
models explicitly based on this physiology have been proposed by various auth- 
ors, Two classifications of models can be made: (a) those which explore the visual 
consequences of the circular and antagonistic receptive fields of retinal ganglion 
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cells (16, 122, 158, 159, 263, 271, 292, 295); and (b) those which discuss the role 
of the cortex in perception (15, 46, 91, 221, 222, 272, 283, 290). Other models 
have been presented but they are not explicitly related to physiological struc- 
tures (150, 151, 162, 246, 274). It is evident to us that many experiments reported 
in the literature have been carried out by investigators not familiar with advances 
in our knowledge of the visual system. The belief that our “perception” results ex- 
clusively from activity in the classical retino-geniculostriate pathways and that 
there is a point-to-point representation of the visual world on visual cortex is no 
longer tenable. A given point in the visual field is being examined by hundreds of 
visual cells, each one carrying out a specific analysis (e.g. orientation, depth plane, 
spatial frequency). Evidence has suggested that there are at least two modes of 
analysis being performed by our visual system: pattern analysis used in identify- 
ing objects; and locus analysis used in locating objects within visual space (125, 
136). The thrust of this evidence suggests that the first analysis is performed by 
the visual cortex and that locus analysis takes place in subcortical systems (e.g. 
superior colliculus). Several experimenters have suggested that the cortex is per- 
forming a Fourier analysis, i.e. transforming the spatial domain into the fre- 
quency domain (15, 46, 221, 283). This suggestion is attractive because on the one 
hand the relative Fourier spectrum of an object is invariant with changes in image 
size, and on the other hand we have no difficulty in recognizing objects over a 
wide range of viewing distances. The area is ripe for incisive experimentation. 

Since the late 1950s, we have observed a rapid growth in our knowledge of the 
functional organization of subhuman visual systems. In the wake of these physio- 
logical discoveries have followed psychophysical experiments designed to dis- 
cover whether or not the human visual system has properties similar to those of 
single cells in the cat or monkey visual systems. Weisstein summarized attempts 
made through 1968 to relate these two areas (281). 


ORIENTATION SELECTIVITY 


Single neurons in the visual cortex of the cat (132, 133) and monkey (134) are 
selectively sensitive to a specific stimulus orientation and all orientations are 
equally represented in the visual cortex (43, 133). Cells sensitive to the same 
stimulus orientation are arranged in vertical columns, suggesting a functional 
unit. These findings have sparked a search for psychophysical evidence of the 
existence in man of separate channels, each tuned to a specific orientation. Such 
evidence is drawn from five areas of research: visual masking, adaptation, tilt 
aftereffects, induced changes of orientation, and color aftereffects. See an ex- 
haustive review by Appelle (8). 


Visual masking and adaptation.—There is an increase in detection threshold 
of a test grating in the presence of a high contrast grating of similar orientation 
(masking) or following the viewing of such a grating (adaptation). These experi- 
ments are discussed in detail by Brown in this volume (37). Estimates based on 
masking experiments suggest that the orientation channels in human vision have 
a selectivity of + 12° around the vertical and + 15° around an oblique orientation 
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of 45° (40). Adaptation experiments suggest sharper tuning characteristics of 
+7° (42), +6.75° (26) and +5° (99). 


Tilt aftereffects After viewing a high contrast grating which is tilted slightly 
to the left of vertical, a vertical grating appears tilted slightly to the right. Camp- 
bell & Maffei (43) measured the apparent tilt induced both in a horizontal and a 
vertical grating as a function of adapting grating orientation. A maximum appar- 
ent tilt of 4° was produced when the adaptation grating was +10° from the hori- 
zontal and vertical respectively. Viewing an adapting pattern oriented near the 
horizontal also induced a tilt aftereffect in a vertical pattern. The maximum mag- 
nitude of this indirect effect was only 2°, but like the direct effect it occurred when 
the adaptation grating was +10° from the horizontal. No tilt aftereffect was 
found for oblique patterns. The more variable data of Gilinsky & Mayo (99) 
also suggest that the maximum tilt is induced when the adaptation grating dif- - 
fers from the test grating by 10°. 

Held & Shattuck (126) discovered that the tilt aftereffect can be color-specific. 
Subjects viewed red stripes tilted clockwise off vertical and green stripes tilted 
equally but counterclockwise. Following such adaptation, vertical test stripes 
appeared tilted counterclockwise when projected in red light and clockwise when 
projected in green. As in the above experiments (43, 99), the maximum tilt was 
induced by an adapting grating orientation of 10 to 15°, although the magnitude 
of this tilt was considerably smaller (50 min vs 4°). The Held-Shattuck discovery 
(induced orientation specific to color) is inversely similar to the McCollough ef- 
fect (189) (induced color specific to orientation) and it may well be that the 
neural basis for both is the same. 

Although both the tilt aftereffect and adaptation exhibit similar narrow orien- 
tational tuning, there are differences between the two phenomena: the tilt after- 
effect shows perfect interocular transfer (43), while adaptation does not (22); the 
tilt aftereffect can be induced by a pattern 90° from the orientation of the test 
pattern (43) while there is no effect on psychophysical thresholds or evoked poten- 
tials following adaptation to such a pattern (42); and the tilt aftereffect is re- 
stricted to patterns oriented near the horizontal or vertical (43) while the adapta- 
tion effect on threshold is independent of test pattern orientation (42). Both 
neural adaptation (59) and neural inhibitory interaction (207) have been suggested 
as mechanisms of the tilt aftereffect. 


Induced changes of perceived orientation—A phenomenon similar to the tilt- 
aftereffect is the change of the perceived orientation of a test line induced by the 
presence of an adjacent line of different orientation. The result of this effect is an 
apparent expansion of acute angles. The effect is undiminished if the test line is 
seen in one eye and the inducing line seen in the other (29). It has been reported 
that vertical and horizontal lines are more impervious to induced changes than 
are oblique lines (29); this is denied by Blakemore et al (23), although they present 
no supporting data. Like the tilt aftereffect, the induced orientation change is - 
maximum (2° shift) when the inducing line is at an angle of 10° to the test lne? 


. PERCEPTION . 211 


(23). To explain these induced changes of perceived orientation, the concept of 
lateral inhibition between populations of cells sensitive to similar orientations has 
been proposed (23), criticized (58), and defended (24). Evidence of this lateral 
inhibition in the cortex of the cat is found (38). The lateral inhibition proposed 
by Blakemore, Carpenter & Georgeson (24) should not be confused with the 
retinal lateral inhibition discussed by Coren (60). The similarity between induced 
orientation changes and certain geometrical illusions (e.g. Poggendorff, Zöllner, 
Wundt-Hering) suggest a common neural basis (23, 29, 38). Other explanations of 
these illusions, less explicitly neural, are discussed by several authors (60, 62, 82, 
131, 279, 285). 


Color aftereffects.-—Some investigations of the McCollough effect are rele- 
vant to orientation selectively (81, 254, 255). The McCollough effect is usually 
induced by viewing two orthogonal grating patterns of different colors. Fidell 
(81) reported that the McCollough effect was minimal when the angular differ- 
ence between the two induction patterns was reduced to 11°. In the normal effect, 
the saturation of the induced colors is halved by a head tilt of 15° (255). Since the 
counter-rotation of the eye was not measured in this study, the actual selectivity 
is probably much sharper than they report. 


Horizontal and vertical orientation.—Closely linked with the question of orien- 
tation-specific channels is whether or not horizontal and vertical orientations 
have a special meaning in our nervous system. On the one hand, no orientation is 
represented more often than any other by cells in the visual cortex of cat and 
monkey (43, 133), while on the other hand much of the human psychophysical 
data indicate that vertical and horizontal orientations are somewhat special (8). 
Campbell, Kulikowski & Levinson (41) demonstrated convincingly that grating 
acuity was higher for vertical and horizontal orientations than for oblique and 
that these differences were not due to the optics of the eye. The effect of masking 
is less with oblique test targets (40). Both adaptation and tilt aftereffects show a 
preference for horizontal and vertical orientation (43, 99). Induced orientation 

. effects also seem anchored to the horizontal and vertical (29, 99). 

Maffei & Campbell (181) reported that the magnitude of the cortical evoked 
potentials were greater for vertical and horizontal gratings than for oblique while 
the electroretinogram was not influenced by pattern orientation, suggesting a 
nonretinal origin for this effect. Campbell & Maffei (43) measured the accuracy 

- with which subjects could set a line to a particular orientation. The standard de- 
viation for vertical and horizontal settings was 20 min of arc; it rose to 3° for 
oblique settings. When deprived of gravity as a cue (subjects lay on their backs 
and made settings using their body as a reference), horizontal and vertical orien- 
tations were less accurate (S.D, = 1.5°) but still superior to oblique orientations 
(S.D. = 3.6°). Perceived similarity among different textural patterns also cluster 
around the vertical and horizontal and is also influenced by gravity (204). 


Conclusion. —The evidence supporting the existence of individual channels 
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within the human visual system, each sensitive to a narrow range of orientations, 
is strongly supported by numerous psychophysical data from a wide range of 
tasks. The relationship between the psychophysical data and similar data for 
individual cells in the visual systems of cat and monkey is striking. The super- 
iority of the vertical and horizontal in several human psychophysical tasks may 
mean either that our visual system has developed a functional emphasis not 
present in cats and monkeys or that the neural basis for these anisotropies have 
yet to be discovered. 


SPATIAL SELECTIVITY 


Companion to the issue of orientation selectivity is whether or not the visual 
system contains independent channels, each sensitive to only a narrow range of 
spatial frequencies. Here most of the evidence is psychophysical since single 
cells in the cat’s visual cortex are rather broadly tuned (39) to sine wave gratings. 
As before, some of the experiments involve changes in threshold after viewing 
a high contrast grating (22, 26, 44, 52, 111, 112, 213, 220, 235, 257), and these are 
discussed by Brown in his chapter on visual sensitivity in this volume (37). 


Apparent frequency shift.—Along with the threshold elevation which occurs 
following the viewing of a high contrast grating, there also occurs a shift in the 
apparent spatial frequency of a grating (27, 28). Gratings whose spatial frequen- 
cies are higher than the adapting pattern seem even higher, and lower frequencies 
seem lower. This effect is limited to spatial frequencies within 2 octaves of the 
adapting frequency. Maximum apparent frequency shift occurs at spatial fre- 
quencies about 0.5 octave away from the adapting frequency. The magnitudes of 
both the apparent frequency shift and the elevation of threshold are affected in 
identical ways by changes in adapting contrast and changes in the orientation of 
the adapting grating (26), implying that the same mechanism is responsible for both 
effects. The evidence suggests that this mechanism is a channel (perhaps in the 
visual cortex) responsive only to a narrow range of spatial frequencies and orienta- 
tions. 3 

Campbell & Robson (46) first suggested that these multiple channels enabled 
the visual system to perform a crude Fourier analysis of visual patterns. A com- 
plex pattern (either spatial or temporal) may be described in terms of sine wave 
components which when added together reproduce the original pattern. The 
magnitude, frequency, and phase relationships of these component sine waves 
uniquely describe a pattern and allow a basis for exact comparison with any 
other pattern. Campbell & Robson proposed that the various sine wave com- 
ponents of a complex pattern are handled independently by the visual system. 
Just above threshold a square wave grating (which contains sine wave components 
at the odd-harmonic frequencies, in addition to the fundamental) appears identical 
to a sine wave grating of the same spatial frequency, presumably because only 
the fundamental of the square wave is above detection threshold (46). Viewing a 
high contrast square-wave grating causes both an increase in threshold (22) and 
an apparent frequency shift (27) at frequencies which are three times the funda- 
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mental. A sine wave pattern causes similar effects only at its fundamental fre- 
quency. 

We are at a point now where it is fruitful to think of visual stimuli in terms of 
their Fourier components. In Fourier terms, a single bar is not the same stimulus 
as a sine wave grating. The single bar contains a wide spectrum of spatial fre- 
quencies whereas the grating contains only one. This point is made in an elegant 
experiment by Sullivan, Georgeson & Oatley (257), who measured the increase 
in threshold to sinusoidal gratings after viewing either bars 7.5 or 1.25 min wide 
or gratings of 5.5 or 16 cycles/deg. Since the bars generate a broad Fourier spec- 
trum, they cause a reduction in sensitivity across a wide range of spatial frequen- 
cies, while the sinusoidal gratings have an effect over a narrow range. The small - 
test spots typically used in increment threshold experiments have a broad Fourier 
spectrum. This fact undoubtedly leads to the broad spatial tuning curves derived 
by Thomas and his associates (12, 263, 264). 

Although evidence indicates that at threshold the visual system behaves as 
if it were a linear system, it is clearly nonlinear at suprathreshold levels. One 
manifestation of this nonlinearity is the enhancement of the border between two 
areas of different luminance. This perceptual darkening and brightening which 
occurs near a border (Mach bands) is often asymmetrical: the bright band ap- 
pears brighter than the dark band appears dark. Whiteside & Davidson (67, 286) 
found that if the luminance gradient between the light and dark areas is exponen- 
tial, the resulting Mach band appears symmetrical. They suggest that the output 
of retinal receptors is a function of the logarithm of the luminance and that by 
using an exponential luminance gradient, this nonlinearity is cancelled out. 

In Fourier terms, the effect of any nonlinearity in a system is to create har- 
monic components in the output that were not present at the input. In terms of 
spatial frequencies, the apparent sharpness or distinctness of an edge can be en- 
hanced by the addition of these upper harmonics. Kaiser has argued effectively 
that minimal border distinctiveness is a criterion more meaningful than equal 
brightness in both heterochromatic (144) and achromatic brightness matching 
(145). That this criterion is accurate suggests that information about the presence 
of these upper spatial harmonics is readily available in the visual system. Keesey 
(149) Fourier analyzed the cortical potentials evoked by high modulation sinu- 
soidal flicker. Most of the energy was in both the first and second harmonics, 
with 10% in the third and fourth harmonics. We think that these techniques of- 
fer much potential for understanding the transformation of the physical stimulus 
at the retina into information used by the brain. 


FORM AND PATTERN PERCEPTION 


Two types of pattern perception research have developed, using wholly dif- 
erent methodologies. One type exploits the methods of signal detection theory, 
linear discriminant analysis, and other multidimensional techniques. The other 
type of research continues to follow more traditional methodology which is 
known to have serious flaws that confound the interpretation of results. Fortu- 
nately, van de Geer has written an excellent introduction to the techniques of 
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multivariate analysis (270), and Dodwell’s book is filled with examples of their 
application (74). We feel that the use of these techniques offers experimental 
power not previously available and generates the potential for breakthroughs in 
our knowledge. Zusne (296) provides an exhaustive summary of the literature on 
form perception. 

A pattern or form may be described by one point in a multidimensional space, 
where each dimension is some physical attribute of the form (e.g. area, size, 
number of sides). As many as 80 such dimensions have been used in the descrip- 
tion. Subjects may then be asked to perform a recognition, sorting, or other task 
using any such patterns. With the aid of multidimensional techniques, one may 
infer which properties of the stimulus patterns were important for the subject’s 
performance of the task and which properties were irrelevant. This inferred use 
of visual information is independent of the subject’s verbal description of his per- 
formance. 

Owen & Brown (209, 210) generated random forms with a computer and dis- 
played them visually to 40 subjects and tactually to 40 others. All rubjects were 
asked to rate the forms on complexity. Analysis of the results showed that the 
same pattern features were used in both the visual and tactual tasks. Although 
intrasubject comparisons were not made in these experiments, Owen & Andolsek 
(208), using similar techniques, reported high reliability in the way each subject 
used visual cues. Aiken & Brown (1) gave subjects 60 computer-generated figures 
and asked them to sort these figures into groups so that each group was as homog- 
eneous as possible. Sortings of two to nine groups were made. The results of the 
sortings were analyzed in a stepwise discriminant analysis. It appears that a sub- 
ject is limited to only three stimulus attributes that he is able to use simultane- 
ously in a task of this sort. In another experiment (2) subjects had to classify forms 
which had been derived from one of two prototype forms. By controlling the 
variability of the derived forms, the task was made easy (low variability) or diffi- 
cult (high variability). An important finding was that the incorrect behavior was 
not random. When the task was too difficult for correct performance, the subjects 
began to classify the patterns presumably according to their own internal rules in 
an attempt to create some order in their behavior. 

Other experiments affirm the importance of the physical measures of form in 
determining the psychological dimensions of form which in turn determine the 
response of subjects in a variety of tasks (36, 173, 185-188, 224, 245). Although 
the physical characteristics of form have been used most often, there are other 
possibilities for the classification of visual forms. Perhaps it would be fruitful to 
use the Fourier spectra of patterns taken at different orientations as the multidi- 
mensional description. 

Although verbal mediation was reported to be unimportant in the recognition 
of homogeneous pictorial stimuli (107), it can be a factor in the encoding of non- 
sense forms (56, 223). Leeuwenberg (170) has presented a formal coding language 
for both two and three-dimensional visual forms and auditory patterns as well. 
The approach of multidimensional processing is presented by Kaufman & Levy 
(147), probability matching by Thomas & Legge (262), and cluster analysis by 
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Jardine (139-141). Garner (95) applies the concept of redundancy to the Gestalt 
concept of goodness. Weintraub discusses rectangle discriminability within the 
context of the law of Prägnanz (277). 

The perception of the human face continues to receive attention. The recog- 
nizability of a face is correlated with increases in perceived beauty of the face 
(66) and number of critical features (30, 31). Viewing negative or positive images 
has little effect (31, 94). Smith & Nielsen investigated the role of number of feat- 
ures relative to the subject’s memory decision for line drawing of human faces 
(243). The results suggest that different retrieval processes underlie “same” and 
“different” judgments and that retrieval in recall involves verbal representation, 
Inversion of faces reduces recognition (31). Yin (293) suggests that damage to the 
right posterior hemisphere of the brain creates a special deficit in the recognition 
offaces, compared with other material. These results were confirmed by Tzavaras, 
Hecaen & LeBras (266, 267). 

An internal image has some properties of a real object. Shepard & Metzler 
(241) found that the time required for a subject to correctly identify two different 
perspective drawings of the same three-dimensional object was a linear function 
of the angular differences between them, suggesting a finite time to “rotate” one 
of the mental images. Segal & Fusella (237, 238) found that subjects’ sensitivity 
(measured by d’) for auditory and visual signals was reduced while they were 
imaging mental pictures and sounds. It was suggested that imagery acts as an 
internal signal which is confused with the external stimulus. The reports of eidetic 
imagery give support to this interpretation (21, 256). Stromeyer & Psotka’s (256) 
eidetic subject was able to combine the real image of a Julesz random-dot stereo- 
gram seen in one eye with the eidetic image of its pair seen previously with the 
other eye, forming a stereoscopic image of the two. In this case the eidetic image 
behaved as if it were a real image presented to the eye. Random-dot stereograms 
are a very strong test of eidetic imagery, and the demonstrated ability of their 
subject serves as a rude reminder of how little we know about visual processing 
and imagery storage. 


Eye movements and pattern recognition—Noton & Stark (202, 203) maintain 
that the sequence in which eye fixations are made while looking at a pattern is 
important for later recognition of that pattern. Their main finding is that subjects 
repeat sequences of fixation (called “scanpaths”) while viewing line drawings. 
They suggest that a pattern in stored in the brain as a piecemeal collection of 
features which are processed serially in an order determined by eye fixation, and 
that when seen a second time, the pattern is recognized only if the same sequence 
of fixations is followed. These data have limited applicability to normal percep- 
tion for the following reasons: the authors only assert that scanpaths occur, but 
present no quantitative data for support; pattern recognition occurs with tach- 
istoscopic presentation where eye movements are not possible; pattern recogni- 
tion could be a piecemeal analysis of features without being serial; and most im- 
portantly, the authors fail to show that a failure to recognize a previously viewed 
pattern is associated with a corresponding failure to repeat the previously fol- 
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lowed scanpath. See also the criticism of Spitz (249) and the reply by Stark & 
Noton (251). In a study by Virsu (273), eye movements were related to errors in 
perceived location of intersection in arc figures, but the same technique when 
applied to the Müller-Lyer illusion was only partially successful. In general, at- 
tempts to relate eye movements to higher perceptual functions have been dis- 
appointing. 


STABILIZED IMAGES 


Images may be functionally stabilized on the retina in three ways: stabiliza- 
tion with contact lens projection; steady fixation under low illumination; and 
afterimages. Only the last provides a truly stable image. Patterns viewed under 
these conditions fade from view, then return wholly or in part (fragmentation), 
fade again, etc. Fragmentation can even occur in unrestricted vision under strobo- 
scopic illumination (216). The fragmentation of a pattern occurs nonrandomly 
(179, 180, 193) and is dependent upon characteristics of the pattern (49, 65, 236). 
After 10 years of research it is surprising that only now has a systematic investi- 
gation of the fading and fragmentation process been attempted. Using contact 
lens stabilization, Schmidt, Fulgham & Brown (236) found: that of 24°, 45°, 90°, 
135°, and 165° angles formed by two lines, one of which is horizontal, the 90° 
angle fades least; a single line fades least when it is horizontal or nearly hori- 
zontal; a right angle formed by two lines fades least when the lines are horizontal 
and vertical; the orientation of acute angles has no systematic effect on the 
amount of fading. These findings suggest that the fading process is mediated by 
mechanisms important in pattern perception. 

Still missing, however, is knowledge about the effect of eye movements on the 
fading process. Gross eye movements contribute to the suppression of after- 
images (152). Most important, however, is the discovery that normal vision is 
maintained by the slow drifting movements of the eyes rather than by other move- 
ments (97). The experimenters first stabilized the image with a suction contact 
lens and then simulated the drifts, saccades, and tremor which accompany normal 

‘eye fixation by moving the image of the target. The saccades and tremor had no 
effect while the slow drift restored the faded stabilized image. The next step should 
be to relate each occurrence of image fragmentation with the direction and extent 
of the eye movements which precede it. 

Although some retinal processes take part in the fading (50, 160), experiments 
using dichoptic presentation of patterned afterimages clearly implicate mechan- 
isms at the level of binocular integration (20, 114, 184, 211, 215). Further implica- 
tion of central mechanisms is provided by Gerrits & Timmerman (96), who re- 
ported that an annulus which surrounds a retinal scctoma is instantly filled in and 
is perceived as a disk by the patient. Gerrits & Vendrik (98) simulated a scotoma 
by a stabilized black disk on the retina. After a few seconds the disk filled in and 
appeared to be the same brightness as the surround. The delay in the filling in of 
the stabilized disk was attributed to some receptor activity at its edge which acted 
as a barrier to the more central process. The adaptation that occurs upon viewing 
a grating pattern can be viewed as due to fading of a stabilized cortical image (25). 
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MOTION PERCEPTION 


Studies of the perception of motion are classified according to whether the 
motion is generated by a moving visual stimulus, by sequential stimulation of 
separate retinal loci, or by an aftereffect following the viewing of real movement. 


‚Real movement. —Henderson (127) analyzed the interaction among time, dis- 
tance, and luminance in determining motion threshold. He found that for equal 
movement thresholds there was an inverse power relationship between exposure 
duration and the distance moved. Energy constancy at threshold was confirmed 
only for high velocity /low luminance stimuli. Kinchla (153) tried to relate per- 
ception of length with perception of motion by making a distinction between ab- 
solute and relative motion, but he did not distinguish between the separate mean- 
ings of the stimulus for motion (spatial displacement with time) from the subject- 
ive impression of motion. Oyama’s (212) subjects made velocity matches with 
moving stripes. Matched velocity decreased as field of view and stripe width in- 
creased. He further reported that at high velocities, horizontal movement seemed 
slower than vertical movement. These data contrast with Kinchla & Allen’s (154) 
finding that motion thresholds for vertical and horizontal movement are iden- 
tical. The luminance threshold for a downward moving grating is equally affected 
by previous adaptation to downward motion intermixed with either stationary 
gratings or upward moving gratings (239). Kano (146) measured motion thres- 
holds for objects subtending equal visual angles but viewed at different distances. 
The velocity thresholds increased with distance but less than would be expected 
on the basis of retinal image velocity. The compromise between predictions based 
on proximal and distal stimulus characteristics is similar to many constancy 
studies. 

Motion toward a subject (simulated by expanding geometric figures presented 
on film) elicited larger orienting responses than motion away (18). The relative 
contribution of three motion-parallax cues to perception of the direction of rota- 
tion in depth of a line (simulated in polar coordinates by computer) was investi- 
gated (129). Subjects performed above chance using only the differential velocity 
of the near vs far ends of the line. Braunstein (34) reported that subjects give 
highest accuracy in judging the direction of rotation when figures contain right 
angles. Graham & Gillam (110) present evidence supporting the assumption that 
reversals of the Ames trapezoidal window follow perspective indications when 
angular velocity cues are ambiguous. 


Apparent movement.—Apparent movement occurs when two retinal loci are 
successively stimulated. Kahneman & Wolman (143) maintain that optimal per- 
ceived motion is independent of stimulus duration: for stimulus durations less 
than 100 msec, optimum motion occurred when the onset of the two stimuli was 
separated by 120 msec. For longer stimuli, optimum motion occurs when the 
second stimulus begins at the termination of the first. Kaufman et al (148) suggest 
that the biological effect of apparent motion is to extend the range of motion per- 
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ception of the visual system. They maintain that apparent motion does not paral- 
lel real motion because the real velocities corresponding to the interstimulus in- 
terval would appear blurred. In fact, apparent motion can be generated by two 
stimuli whose spatial separation cannot be resolved when they are presented si- 
multaneously in peripheral vision (19). 

If two stimuli which differ slightly in shape (instead of identical shapes) are 
used to create apparent motion, subjects resolve the resulting disparity in three 
ways: translation, deformation of contours, rotation of the shape in depth (161). 
The direction of apparent movement between two granular patterns reverses if 
one pattern is the photographic negative of the other (Anstis 6). Anstis also pre- 
sented Julesz random-dot stereograms dichoptically (to generate stereopsis) or 
alternatively to one eye (to generate apparent movement). When random noise 
was introduced into one pattern, Anstis reported that both stereopsis and ap- 
parent movement broke down at the same noise level (6). Thus apparent move- 
ment seems to depend on a point-by-point comparison of brightness between two 
patterns. 


Motion aftereffect (MAE).—After one views a moving pattern, a stationary 
pattern appears to move in the opposite direction. One explanation for this after- 
effect could be adaptation of motion sensitive elements which serve the retinal 
area stimulated. However, Day & Strelow (69) report that the MAE generated by 
vertical stripes moving horizontally is greatly reduced and even eliminated if the 
stationary test stripes lack a pattern surround. A further study by Strelow & Day 
(253) showed that the MAE can be turned on and off by the presence or absence 
of a patterned surround, indicating that though motion is not visible, the after- 
effect is stored somewhere in the visual system. Three clever experiments by 
Anstis & Moulden (7) indicate that the MAE has both retinal and central com- 
ponents, When each eye was adapted to rotating motion in opposite directions, 
the direction of the MAE was specific to the eye viewing the stationary pattern. 
When it was arranged that each eye alone saw a random oscillation, but the two 
eyes together saw counterclockwise rotation, a clockwise MAE was seen. Finally, 
if each eye alone saw clockwise rotation but both together saw counterclockwise 
rotation, a clockwise MAE was seen indicating central origin (7). 


Interactions —The interrelation between movement and other modes of per- 
ception is illustrated by Brandt, Wist & Dichgans (33), who seated subjects inside 
a large drum with black and white vertical stripes on its inner surface. The chair 
and/or the drum could be rotated. Subjects could not distinguish between drum 
and chair rotation and attributed all movement as self-rotation. Tilting of the 
head during rotation of the drum produced a “pseudocoriolis” effect which was 
indistinguishable from the coriolis effect produced by pure vestibular stimulation 
(rotation of the chair). Gogel & Koslow (104) have demonstrated that both 
stereoscopic depth and the adjacency principle have an effect on the motion in- 
duced in a stationary point of light by a moving frame. A moving rectangle de- 
creases in apparent length parallel to the direction of movement (259). At any 
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point in time the apparent position ofa moving spot is displaced in the direction 
ofthe movement (258). 


Mechanisms of movement—A question still unresolved is whether perceived 
motion generated by real movement, by apparent movement, and as an after- 
effect are due to the same visual mechanism. The results of the apparent move- 
ment experiments of Biederman-Thorson, Thorson & Lange (19) suggest that 
its basis is the same as real motion. Kaufman et al (148) argue that apparent mo- 
tion and real motion have separate mechanisms. Richards (231) assumes that the 
mechanism for MAE and real motion detection are identical and presents psycho- 
physical evidence that motion detection is the responsibility of subcortical areas 
of the brain (e.g. superior colliculus). This conclusion contrasts with the data of 
Hamilton & Lund (119), who sectioned the chiasma and forebrain commissures 
of monkeys and demonstrated that interocular transfer of a motion discrimination 
task depended upon intact cortical functions. It is clear that both central and 
peripheral factors are involved (7) and that adaptation effects are not simple 
fatigue of direction specific units (69, 253). The most comprehensive and success- 
ful model of motion detection by the visual system is that of Foster (88, 89). 


EFFECTS Or Eye MOVEMENTS ON PERCEPTION 


Perception during eye movements.—The old problem of perception during eye 
movements, which Woodworth noted had been debated energetically during the 
early part of the century but had subsided in the 1930s (291), continues its re- 
surgence of interest among contemporary investigators. The older debate attrib- 
uted the reduced perceptual experience during eye movements either to inhibition 
(“central anesthesia”) or to smearing of the retinal image. On the basis of recent 
experiments, both these factors are implicated, and additional mechanisms have 
been suggested. 

Color recognition during a saccade was found by Lederberg (169) to be best 
when the flash is presented during steady fixation, somewhat poorer just before a 
saccade, and still poorer after a saccade. Since recognition of colors was not im- 
paired when the subject moved his hand to trigger the stimulus flash during steady 
fixation, it follows that a specific inhibition accompanies eye movements but 
not other attention-diverting motor activities. These data are consistent with pre- 
vious results which demonstrated partial suppression during saccades. Richards 
(229) noted changes in hue towards the yellow when an achromatic test flash was 
presented following a saccade. These results, taken along with Lederberg’s (169) 
finding that the poorest recognition of red and green test flashes occurred in the 
middle of a saccade but that maximum inhibition of blue occurred 40 to 80 msec 
later, suggests that the time course of inhibitory processes during saccades are 
wavelength dependent. These results may be of relevance to the Benham disk 
color phenomenon. 

That saccadic suppression is not affected by shifts of the observer’s criterion 
was reported by Pearce & Porter (214), who demonstrated a decrease in sensitiv- 
ity beginning as much as 150-200 msec prior to a saccade using criterion “free” 
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signal detection techniques. It is becoming increasingly clear that perception dur- 
ing eye movements is influenced by both inhibition and retinal image smearing. 
A series of studies from Mitrani’s laboratory provides additional confirmation of 
the importance of both of these factors. He reports that smearing during hori- 
zontal eye movements is greater for vertical than for horizontal bars (195), that 
suppression at the beginning of a saccade is greater the longer the saccade (198), 
that the time course of suppression is different in various parts of the retina (196), 
that suppression disappears at high luminance levels and increases with non- 
uniform stimulus presentation. He concludes that saccadic suppression is not a 
simple matter, but depends on the motion of the entire visual pattern (197, 198). 
Mack (175) investigated the relation between eye movements and retinal image 
movements whose ratio and direction were systematically varied. She reports 
that a discrepancy between eye and target movement greater than 20% results in 
target movement perception. 

Recent experiments have implicated additional mechanisms underlying this 
phenomenon. Richards (227) presented evidence that one cause of inhibition may 
be mechanical strains set up in the retinal layers by the rapid acceleration during 
a saccade, MacKay considered the intriguing possibility that this disturbance may 
be, in part, neural. In support of his position he has shown that with the eye sta- 
tionary, rapid movement of the stimulus produces suppression (177). Since the 
effect was obtained dichoptically (178), central factors are implicated.. He sug- 
gests that the surge of neural activity caused by rapid displacement has side ef- 
fects that interfere with the processing of visual signals. 

Noda and co-workers report that about 10% of the cells in the visual cortex 
of awake cats do not respond to stationary or moderately moving stripes, but are 
either excited or inhibited during saccadic eye movements when the animal faces 
a patterned environment (200). Neurons which responded to slower target mo- 
tions were directionally sensitive, while those that responded to the more rapid 
motion produced by saccades were insensitive to the direction of retinal image 
motion. In effect, neurons that function during saccades do not function during 
perception, a finding which corresponds nicely with the psychophysical evidence. 
Additional neurophysiological correspondence comes from Chase & Kalil’s study 
of visual evoked responses which indicates suppression of responses to lights or 
patterns presented during saccades (53). 


VISUAL SEARCH 


The role of advance knowledge and previous practice on search efficiency was 
common to a number of experiments. In a study concerned with the maximum 
rate of scanning letters in the presence of a numeral, Sperling et al report that 
advance knowledge of the numeral to be presented made little difference in the 
scores (247). Scanning rates of as high as 125-175 letters per second were reported 
for their best subjects under certain conditions. Krueger reports that familiarity 
with a sequence of letters aids visual search. Subjects search more rapidly for a 
target letter through words than nonwords (166), and more rapidly when familiar- 
ity is introduced by repeated presentation of certain sequences or displays (167). 
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The contribution of eye movements per se was investigated by Grindley & 
Townsend (117), who report that search for targets during exposures too brief to 
permit eye movements is aided by foreknowledge. They conclude that something 
analogous to visual search can occur without eye movements. 

A number of studies were concerned with the mode of comparison during 
search activity. An experiment by Graboi (109) investigated the dichotomy be- 
tween serial processing, i.e. that a test item is compared serially with the memory 
of every other item in the set as contrasted with parallel processing, i.e. that the 
test item is compared simultaneously with all members of the memory set. 
The extent to which the data tended to agree with these two positions depended 
upon the amount of previous practice. The author proposes a single memory 
search process to account for the data under both high and low levels of specific 
practice. Cohen’s (54) subjects cancelled targets that were visual (letters), acoustic 
(phonemes), or semantic (words of a specific category). Semantic processing 
added little or no extra time when combined with acoustic or with visual and 
acoustic searches, i.e. parallel processing. An overlapping sequence of operations 
is suggested by results from combinations of processing which yield slightly faster 
search times than a serial model would predict. Stone (252) considered various 
models for comparison of multivariate visual stimuli: parallel vs serial processing, 
efficient vs exhaustive comparisons, and biased vs unbiased acceptance of at- 
tributes for processing. The data, obtained from two comparison tasks involving 
matching to sample and identification of odd stimuli, supported the position that 
parallel and efficient comparisons were the rule along with a kind of partial se- 
lection of the attribute to be processed. Investigators interested in distinguishing 
between serial and parallel processing should read Townsend’s (265) discussion 
of the theoretical difficulties surrounding such an effort. 

Doubt was cast on the role of feature analyzers as an explanation of high speed 
scanning by Brand (32), who found different scanning rates for two precisely de- 
fined targets depending on the class from which they were drawn. In contrast, 
Gould & Peeples (108) concluded that pattern discrimination during visual search 
is based upon physical rather than meaningful characteristics since the class to 
which a pattern belonged did not affect any of four measures of search efficiency. 
(See also the section on form perception in this chapter.) 


BRIGHTNESS 


Contrast and interaction—Based on a parametric study of the effects of 
amount of surround of the inducing field and separation between test and induc- 
ing fields on simultaneous contrast, Cole & Diamond (55) report that test-field 
brightness is not affected by amount of inducing field surround when the separa- 
tion between the centers of the test and inducing fields is held constant. The crit- 
ical variable is the separation between test and inducing fields. The functional 
relation between test field and background was found by Flock (84) to follow 
power functions with positive exponents. The relevance of these data to Jameson 
& Hurvich’s opponent-process theory is debated in this and two subsequent pub- 
lications by Jameson & Hurvich (138) and by Flock & Noguchi (85) as well as by 
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Noguchi & Masuda (201). Semmelroth (240) also considered the relation be- 
tween stimulus luminance and its surround to be a power function. His data are 
treated theoretically within a framework which includes results from studies on 
crispening and previous magnitude estimation and partitioning studies of light- 
ness and brightness. 

The contribution of higher level processes continues to attract interest. 
Mershon & Gogel (192), in a follow-up study to their demonstration (105) that 
depth adjacency contributes to the Gelb effect, verified the original result and 
confirmed that the reduction in contrast was not due to the small directional dis- 
placements necessary to produce the stereoscopic cue. Their phenomenon, which 
represents an extension of Gogel’s adjacency principle (101), implicates the in- 
volvement of depth perception rather than the stereoscopic cue per se, and points 
to the importance of central factors. Methodological problems related to the ex- 
periments are discussed by Lie (171) and by Mershon (191). Within the paradigm 
of the Gelb effect, Beck’s (17) subjects judged the lightness of equally illuminated 
targets. They perceived the targets that cast a shadow as darker than those that 
did not, confirming earlier findings that the perception of lightness may be af- 
fected by cues for the conditions of illumination as well as by the inhibitory inter- 
actions underlying contrast. 

The conditions that produce brightness assimilation, the opposite process of 
contrast, were investigated by Festinger, Coren & Rivers (80). Assimilation was 
found only under conditions in which the portion of the display being compared 
was not the focus of attention. When attention was focused, brightness contrast 
was obtained. The subtleties of assimilation were also investigated by Kozaki 
(163) in an experimental arrangement that systematically varied a number of spa- 
tial parameters. He reports that depending on the reflectance of the background, 
the effects of assimilation and contrast could be reversed even when other param- 
eters were held invariant. 

The role of brightness in figure-ground relationships was investigated by 
Coren (60), who concluded that the figure-ground relationship influences the 
magnitude of brightness contrast. Lindauer & Lindauer (172) varied brightness 
differences and observed the effect on “vase-face” figure-ground patterns. The 
filled area was more likely to be seen as figure as the figure became darker. Spill- 
mann & Levine (248) varied the figure-ground ratio in a Hermann grid pattern 
by systematic variation of the albedo of the simulus elements, resulting in specific 

‘facets of an optimum grid which showed maximum brightness changes at almost 
every intersection even when fixated foveally. These observations are in strong 
agreement with an analysis based on circular antagonistic retinal ganglion cell 
receptive fields, 


SızE AND DISTANCE 


Three major publications appeared during the review period. Psychophysical 
Analysis of Visual Space, by Baird (14), summarizes the extensive literature and 
attempts to provide a metric for size and distance perception. The monograph 
Human Space Perception: Proceedings of the Dartmouth Conference, edited by 
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Baird (13), is a collection of essays by a number of contemporary researchers on 
size, distance, illusions, the theory of cues, stereoscopic vision, and the neuro- 
physiology of space perception. Foundations of Cyclopean Perception, by Julesz 
(142), explores the rich variety of effects obtained with Julesz random-dot stereo- 
grams and attempts to increase our knowledge of many perceptual phenomena 
using stereograms as tools. 


Size-distance invariance.—The concept of size-distance invariance continues 
to stimulate research. Gogel presented evidence that agrees with the size-distance 
invariance hypothesis and refutes previous studies which argue instead for the 
direct perception of retinal size (103). Using magnitude estimation, Teghtsoonian 
& Teghtsoonian (261) report that this method of quantification has methodolog- 
ical advantages and, in the present case, produced data which agree closely with 
size-distance invariance in a full cue situation. Also using magnitude estimation, 
Furedy & Stanley found that although the apparent size of afterimages follows 
physical (projection) distance, apparent distance did not (92). [For a critical com- 
ment on their methodology, see Teghtsoonian (260) as well as a rejoinder by the 
authors (93).] The results of Franklin, Ross & Weltman (90), whose observers 
viewed test objects underwater through a face mask, produced a negative corre- 
lation between size and distance adaptation. Their data suggest that divers adapt 
to one dimension while counteradapting to the other. The complexity of size and 
distance perception is further illustrated by Kuroda’s (168) treatment of distance 
constancy. Not surprisingly, his quantitative relationships depended strongly on 
the observation conditions. 

In a study which pays special attention to methodology, Weintraub & Gard- 
ner (278) review the distinction between two interpretations of Emmert’s law, i.e. 
the law of retinal size which is a simple extension of optical geometry, and the 
principle of perceived size which is linked to the phenomenon of size constancy. 
As expected, the law of retinal size held with precision. However, data relating to 
the law of perceived size were influenced by a falsified cue, thus supporting the 
dual interpretations of Emmert’s law and illustrating the necessity for methodo- 
logical sophistication in this area of research. Although there is no doubt that the 
size-distance invariance hypothesis has stimulated much research, it is apparent 
that it is an oversimplication which can neither be meaningfully confirmed nor 
rejected in view of the many variables affecting size and distance judgments. 


Mechanisms and models —Humphrey & Weiskrantz (135) report that poster- 
ior partial lesions in monkeys produce no deficit in a size constancy task, while 
infereotemporal lesions caused a severe breakdown with almost no recovery. They 
hypothesize that the results are due to an inability to use both retinal size and 
distance information in computing physical size, and instead subjects use either 
retinal size or distance information alone. Richards (228, 230, 232) has suggested 
that stereopsis may depend on the activity of three classes of disparity detectors, 
crossed, zero, and uncrossed. Individual differences among observers would be 
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related to a specific lack of a class of receptors. This position was stimulated by 
and is relevant to the problem of stereo blindness (228). 


Methodological--Gogel & Sturm (106) investigated the effectiveness of the 
relative size cue to distance as a function of directional separation and concluded 
that the use of large directional separations in the attempt to avoid the relative 
size cue is inappropriate. Similarly, Brislin & Leibowitz (35) determined that the 
size-distance function at various age levels is unaffected by the directional sepa- 
ration between the test and comparison objects. The role of verbal size informa- 
tion is illustrated by Coltheart (57), who reports that when the subject views a 
blank triangle under completely reduced conditions, any kind of information 
about size enables him to make a judgment of the distance. The role of such cog- 
nitive cues in size perception is also illustrated by Carlson & Tassone’s (51) study 
using a familiar object, a human being, which they compared with a board of the 
same height and distance. They reported differences in perceived height and dis- 
tance between the two test objects in agreement with the perspective attitude but 
not with size-distance invariance. In studying the role of accommodation and con- 
vergence as cues to distance, Wallach & Floor (275) report that size matches be- 
tween figures of identical shape yielded poor results while matching two edges of 
the parts of different figures produced veridical results. 

Wilcox & Teghtsoonian (287) applied operant techniques to the study of pic- 
torial depth cues. The size illusion created by such cues was very effective for 
adults, moderately effective for 9-year-olds, and ineffective for 3-year-olds. These 
results are of interest not only methodologically but theoretically in relation to 
developmental and cross-cultural studies which typically use two-dimensional 
presentations to study the effective strength of learned monocular cues to depth. 


Underwater environment.—Size and distance perception in the underwater 
environment provides a method for distorting spatial relationships and an oppor- 
tunity to study the process of adaptation. Following up a study which demon- 
strated distortion of apparent distance underwater (205), Ono & O’Reilly studied 
adaptation to underwater distance distortion by varying the amount of feedback 
during the reaching response (206). The data from control subjects who simply 
observed others indicated no adaptation, results which are reminiscent of data 
from prism adaptation experiments. The amount of adaptation for the active sub- 
jects depended upon the sensory-motor task. Ross et al (233) also report adapta- 
tion to the underwater environment resulting from active handling of objects of 
known size. Experienced divers were more accurate than novices. 

Results similar to data in the moon illusion literature were reported by Ross, 
King & Snowden (234) whose diver subjects made distance estimates for stimuli 
in different directions. The surface of the water overhead was underestimated to 
a greater extent than those below or in the horizontal plane. 


Conclusion.—In general, the period under review has revealed little in the 
psychophysical literature on perception of size and distance that does not repre- 
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sent extensions, parametric analysis, or retesting of hypotheses and concepts from 
the previous literature. It may well be that the introduction of significant new 
methodologies, or identification of relevant physiological mechanisms is neces- 
sary before the apparent progress evident in other fields of perception will char- 
acterize this literature. 


ILLUSIONS 


The continuing attempt to understand the deceptively simple illusions con- 
tinued unabated, with a steady output of about three papers per month during the 
2-year period under review. The majority of these fall within a specific theoretical 
context. The heuristic assumption which has played a major energizing role 
among contemporary researchers, that illusions represent misplaced mechanisms 
appropriate to ordinary viewing, has been tested with respect to the Müller-Lyer 
illusion by Massaro & Anderson (182). They presented real depth cues in two 
orientations, and although substantial illusion was obtained, the differences be- 
tween the orientations were small and opposite to a prediction based on mis- 
placed perspective theory. A study of apparent size and depth relations in the 
Miiller-Lyer illusion by Stacey & Pike (250) also contradicts specific predictions 
derived from misplaced size constancy theory, as does a series of experiments by 
Fisher (83). Application of the notion of depth processing proved more successful 
when applied to the Poggendorff illusion by Gillam (100), and also accounted for 
the effects of “amputations” and rotations of the Poggendorff figure by Wein- 
traub & Krantz (279). 

Day has extended the general constancy theory of illusions to a wide variety 
of illusory forms (68). He argues that when different classes of illusions are recog- 
nized, i.e. size, orientation, and movement, any stimulus that serves to main- 
tain constancy will, when varied with an invariant retinal image, produce an il- 
lusion. 

Consideration of visual illusion effects within the framework of adaptation 
level theory is illustrated by Restle (226) for judgment of line length in several 
geometric optical configurations. He concludes that this kind of theory has some- 
thing to contribute to the study of illusions. In a later study concerned with judg- 
ment of line length under different instructions, Restle (225) demonstrated the 
applicability of the Helson equations while also establishing the importance of 
cognitive factors. The applicability of adaptation level theory was also demon- 
strated by Avant (11) in a study of contrast and assimilation effects in the Müller- 
Lyer illusion, and to the perceptual displacement of a test mark toward the 
larger of two objects by Merryman & Restle (190). A careful reader of this liter- 
ature will note some overlap among these various theoretical positions. This is 
particularly true of N. H. Anderson’s averaging model as applied to the size- 
weight illusion (4, 5) and to the Ebbinghaus illusion (183), which bears some simi- 
larity to adaptation level theory as well as to the “mixed model” approach of 
Hake et al (118) and of Weintraub (277). The impressive versatility of Gogel’s 
adjacency principle (101) is demonstrated by its relevance to the Ames room and 
other Ames demonstrations and to the moon, Ponzo, and Zöllner illusions (102). 
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The application of sophisticated quantitative techniques which are relevant to a 
broad spectrum of psychological problems is most encouraging. 

The ecological hypothesis, which could be considered to be a special case of 
the misapplied depth cue explanation, is supported by Jahoda & Stacey’s study of 
susceptibility to illusions as a function of culture and professional training (137). 
Piaget’s theory of centration provided the rationale for a study of the effect of 
stimulus size on the magnitude of the Ponzo illusion, but the results were negative 
(79). 


Sensory factors.—Coren (61) eliminated the adjacent contours assumed by 
lateral inhibition theory to be responsible for the Poggendorff and Miiller-Lyer 
illusions. The reduction in illusion magnitudes suggests that lateral inhibition may 
play a contributory role, but it is not the primary causal factor. Sjostrom & 
Pollack attempted to simulate aging by means of a yellow filter, and noted a de- 
crease in the magnitude of the Delboeuf illusion but not of the Usnaze effect 
(242). Pollack determined the developmental function for Miiller-Lyer figures 
produced by lightness contrast and by hue contrast, i.e. in the absence of lightness 
contrast. Contrary to expectations based on Piaget’s theory, the illusion magni- 
tudes for the colored figures did not decrease with age (219). 

Although illusions, especially the simpler geometric-optical forms, may ap- 
pear to be amenable to simplistic, unimechanistic explanations, the continuing 
evidence from experimental studies suggests strongly that a broad spectrum of 
psychological and physiological mechanisms is involved. Although some pro- 
gress has been made, we are clearly a long way from the goal expressed by Boring 
in which illusions are understood as special cases of the general laws of per- 
ception. Alas, illusions are as complex as perception itself, and our failure to ade- 
quately explain them is a sobering evaluation of the contemporary state of the art. 


REARRANGEMENT STUDIES 


Mechanisms and models.—-Graybiel & Held (113) found significant adapta- 
tion to prismatic displacement under both scotopic and photopic conditions. 
Although scotopic induced adaptation can be transferred under both scotopic 
and photopic conditions of testing, transfer of photopically induced adaptation 
is limited primarily to photopic test conditions. These results are of interest in 
relation to the evidence from visually induced self-rotation sensation experiments 
which suggest that input from the central and peripheral visual fields are pro- 
cessed differently by the central nervous system (73). The continuing controversy 
regarding the mechanism of adaptation to prism displacement was investigated 
by Hardt, Held & Steinbach (120), who compared the predictive value of four 
types of explanation: visual, proprioceptive, motor, and sensorimotor. The re- 
sults of a series of experiments involving prism displaced images of the hand were 
consistent only with the sensorimotor explanation. 

Wilkinson (289) analyzed prism adaptation with the assumption that the 
visual motor control loop is a linear system comprising a number of independent 
subsystems. The data on adaptation to visual motor discordancies produced by 
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wedge prisms result in both a change in the judgment of visual direction of targets 
and a change in setting the hand to the median plane. The summation of these 
two effects is consistent with the theory in that the change in target aiming per- 
formance is equal to the sum of the individual components. The data obtained by 
viewing a visual display through the prisms, however, did not fit this linear model. 

The continuing stimulus value of von Holst & Mittelsteadt’s (130) reaffer- 
ence theory is evidenced by Moulden’s study (199) in which subjects viewed a 
prismatically displaced image of their actively moved hand which was optically 
“stopped.” As much adaptation was achieved under the stopped condition as 
with full reafferent stimulation. Adaptation to optical tilt by Ebenholtz & Red- 
ding (77) was consistent with derivations from a memory-comparator model of 
perceptual adaptation. Ebenholtz has analyzed the relation between interocular 
transfer of adaptation and Hering’s law of equal innervation and concludes that 
failure to obtain complete transfer of adaptation implies either that the adapta- 
tion does not involve the oculo-motor system, e.g. specialized retinal-cortical 
cells, or some reflexive eye movement mechanism may be confounding the results 
(76). 

Canon (47, 48) and Uhlarik & Canon (269) have presented data supporting 
Canon’s model which is based on intermodality inconsistency. In Canon’s ex- 
periments (47, 48) subjects were presented with conflicting auditory and visual 
cues and instructed to attend to only one modality. Post-exposure shifts were ob- 
served only for the modality not attended to. The absence of reafferent stimula- 
tion points to the role of informational inconsistency (276). 


Parametric studies —The modifiable parameter of eye-hand coordination and 
prism adaptation is found to be a displacement applying equally to all target 
positions (124). A magnification parameter was partially modified in that a wider 
range of hand movements became identified with a fixed eye movement range. 
Dewar reports a series of three studies. In the first (70) prism strength was varied 
under conditions of massed and distributed practice. While distributed practice 
led to a gradual increase in the aftereffect following prism exposure, massed 
practice produced a rapid decrease followed by a slight increase. In a study involv- 
ing length of exposure and amount of optical distortion, extent of adaptation was, 
not unexpectedly, related to number of trials. However, a surprising adaptation 
(30%) was produced after only two trials (71). In general, adaptation was posi- 
tively related to degree of optical displacement. In a “prismatic-shaping” study 
(72), Dewar reports that amount of adaptation and accuracy of target localization 
were directly related to the suddenness with which displacement was introduced. 


Methodological.—The majority of experiments during this period are method- 
ological and not readily classifiable on a systematic basis. An exception is a series 
of studies demonstrating that external stimuli present during exposure can serve 
as situational cues and in turn influence the magnitude of aftereffects manifested 
subsequent to adaptation. Uhlarik & Canon (268) report that aftereffects were 
greater when nondisplacing goggles were worn during the periods in which after- 
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effect measures were taken. Furthermore, manipulation of cues such as restric- 
tion of the visual field and weight of the goggles, associated with adaptation, can 
in part determine the size of the observed aftereffects. Similar results were re- 
ported by Welch (282), who demonstrated that adaptation to prism displacement 
can be conditioned to stimuli associated with the goggles in which the prisms 
were housed. Similarly, Kravitz (165) reports that tests involving pointing to the 
visual target and tests involving pointing straight ahead both produce more adap- 
tation and more aftereffect of adaptation when goggles are worn during testing. 
Such results are of considerable interest both methodologically and theoretically. 

By means of an electronic rearrangement technique, vertical motions of the 
head were made to cause diagonal optical motions by Hay (123). The constancy of 
visual position during head movement showed a rapid adaptive change, but no 
change was found in perceived movement direction when the head was held sta- 
tionary and a vertical object movement presented. Hay concludes that a memory 
exists for the correlation between head motion and optical motion but that this 
memory does not control the perception of externally generated optical motions. 
The central field of view was rotated by Smothergill, Martin & Pick (244) by use 
of a closed circuit TV system. They report a developmental change in perform- 
ance under large rotations, e.g. 180°, as well as evidence of a discontinuous break- 
down angle. Further research on the breakdown angle produced individual dif- 
ferences among subjects. Epstein reports that the nature of the activity during 
the preadaptation period affects the magnitude of adaptation to a meridional size 
lens (78). 

A methodological “twist” is provided by Foley, whose subjects wore a prism 
base down in front of one eye. The other eye viewed through either a base down 
prism (86) or plain glass (87). In both studies, luminance was varied systematically 
by positioning neutral density filters in front of one eye. With no filter and oppo- 
sitely oriented prisms, the directional judgments of both eyes were dominated by 
the base down (upward displacing) prism. The effect of the filter depended upon 
the base orientation of the prism. With the base down-plain glass combination, no 
aftereffect could be measured when the luminance of the “normal” field was equal 
to or greater than the prism field. However, as the luminance of the normal field 
was decreased below that of the prism field, an effect was observed. 

A novel adaptation arrangement was introduced by Mack & Chitayat (176), 
who induced opposite rotations in the two eyes. The results indicated simul- 
taneous and opposite eye dependent changes in the monocular perception of the 
vertical, and adaptive changes in the perception of the stereovertical such that a 
depth response (in the saggital plane) was introduced by zero disparity. Since it is 
highly unlikely that unsophisticated observers could predict changes in depth 
resulting from “recalibration” of retinal disparities, this technique would be 
minimally influenced by subject expectations and demand characteristics. 


Specıu Topics AND MISCELLANEOUS 


A rather unusual “illusion” among aircraft pilots has been observed by Kraft 
& Elworth (164). When approaching a lighted city at night over a dark area, even 
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experienced pilots considerably overestimate their altitude. This overestimation 
has been implicated as a major factor in a number of aircraft accidents and inci- 
dents, and its identification has led to effective corrective measures. Well-designed 
studies of problems arising from within an applied context can both contribute 
to our understanding of basic processes and, as in (he present exemplary case, 
also produce data of immense practical importance. ™ 

Finally, the reviewers would like to call the readers’ attention to a report by 
Weiskrantz, Elliot & Darlington‘entitled Preliminary Observations on Tickling 
Oneself (280). The authors are conitefned with the readily observed phenomenon 
that we are ordinarily more successful at tickling others than tickling ourselves. 
This was confirmed statistically with the aid of a specially constructed “tickling 
apparatus” with which they compared the effects of tickles administered by the 
experimenter, the subject, and a third condition in which the subject’s arm was 
moved passively by the experimenter. They concluded that cancellation of a self- 
administered tickle is most probably accomplished by a self-generated command 
signal but they are not certain as to the role of feedback. This study not only 
extends the generality of the reafference principle (130), but provides a striking 
demonstration of the applicability of experimental techniques to a familiar but 
hitherto unanalyzed phenomenon. 
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Previous volumes of the Annual Review of Psychology have on occasion in- 
cluded a chapter on the general subject of personality assessment. In the last 
review of this subject area, Fiske & Pearson (151) dropped the term “assess- 
ment” and replaced it with “measurement.” We believe that both assessment of 
personality and measurement of personality are inaccurate and misleading. We 
do not measure personality; we measure traits which, hopefully, provide in- 
formation about some of the relevant dimensions of personality. 

Our review covers the literature from approximately July 1968 through July 
1971. During this period a very large number of articles have been published 
which are in one way or another relevant to the measurement of personality 
traits. Our review, obviously, must be limited. Those articles dealing with the 
measurement of personality traits by projective techniques are not reviewed; we 
have more or less limited our coverage, with but few exceptions, to the mea- 
surement of personality traits by means of scales and inventories. 


Booxs, REvrews, AND BIBLIOGRAPHIES 


A number of books have been published which deal with the measurement of 
personality traits. Edwards’ (120) text is statistical and methodological and the 
coverage is limited to scales and inventories. An appendix, which may be useful 
to research workers, contains the social desirability scale values of the items in the 
Edwards Personality Inventory, the Personality Research Form AA, the Cali- 
fornia Psychological Inventory, the Edwards Personal Preference Schedule, and 
the Minnesota Multiphasic Personality Inventory, along with the proportion of 
students responding True to the items. 


1 For supplementary bibliographic material (106 references, 11 pages), order NAPS 
Document 01862 from ASIS, c/o Microfiche Publications, 305 East 46th St., New York, 
NY 10017. Remit in advance for each NAPS accession number $1.50 for microfiche or 
$5.00 for each photocopy (15¢ for each additional page over 30). Make checks payable to 
microfiche Publications. 

* The preparation of this review was assisted in part by Research Grant MH-04075 
from the National Institute of Mental Health, United States Public Health Service, 
Allen L. Edwards, Principal Investigator. 
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Fiske’s (150) book is a well-reasoned presentation of the problems involved 
in measuring the concepts of personality. Both the Fiske and Edwards books 
are intended for upper division and graduate students. At a more elementary 
level is the text by Lanyon & Goodstein (261) which is supplemented at a more 
advanced level by a book of readings (173). 

Other books of interest which deal with the measurement of personality 
traits are those by Cattell & Warburton (65), Eysenck & Eysenck (138), Pervin 
(334), Vernon (415), Mischel (309), and Holt (212). 

A number of critical reviews and articles have been published which should 
be of interest to the readers of this chapter. Vacchiano, Strauss & Hochman 
(412) have provided a general review of research on dogmatism and Ehrlich & 
Lee (129) a more specialized review of dogmatism in relation to learning and 
resistance to change. Saltz (359) has proposed a reconceptualization of the results 
of experimental research with the Manifest Anxiety scale, and Wine (439) has 
suggested an attentional interpretation of the effects of test anxiety on per- 
formance. 

Heise (198) has presented a critical review of methodological issues relating 
to research with the semantic differential, and Cronbach & Furby (84) have 
criticized various proposed measures of change. Studies involving measures of 
affiliation and the related area of conformity have been reviewed by Mehrabian 
& Ksionzky (299). An excellent and detailed review of the measurement and 
methodological problems involved in the use of projective techniques as assess- 
ment devices in personality research has been provided by Sechrest (371). 

Schultz’ (364) critical discussion of the human subject in psychological studies 
is particularly relevant to personality research as is also Carlson’s (57) review 
which raises the question of where the person is in personality research. A re- 
lated review is that by Stricker, Messick & Jackson (401) on studies involving 
deception of subjects and of the problems involved through the use of this tactic. 

Scott (370) has reviewed a number of studies involving the comparative 
validities of forced-choice and single-stimulus scales and reports on an empirical 
study of his own. He concludes that at the present time the most tenable conclu- 
sion is that the evidence does not support the superiority of either type of item 
format. Hicks (201), in his review of forced-choice and normative scales, arrives 
at the same conclusion. 

Buros (51) has published, in a separate volume, the reviews and bibliographies 
of various personality inventories contained in the first six Mental Measurement 
Yearbooks, This should prove to be a most welcome and convenient reference for 
anyone interested in the measurement of personality traits. The new volume also 
includes a considerable amount of new material. A useful supplement to Buros’ 
book is a historical survey of personality scales and inventories by Goldberg 
(168). 

Joe (237) has reviewed the literature on locus of control as a personality 
variable, and Throop & MacDonald (407) have published a bibliography on this 
construct. Another bibliography of interest is one on Q technique by Brown (48). 
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INVENTORIES 


The Minnesota Multiphasic Personality Inventory (MMPI).—Damarin (91), in 
a review of Buros (51), reported, not unexpectedly, that the MMPI has been the 
most frequently used personality inventory. Although MMPI clinical scales were 
originally developed empirically to differentiate diagnostic groups from a con- 
trol, the specific scales frequently fail to do so in cross-validation studies (190). 
During the period under review, MMPI scales (or items) have been used in at- 
tempts to differentiate various other criterion groups from a control including: 
patients with hallucinations (271), drug addicts (275), sociopaths (97), smokers 
(19, 103), alcoholics (169, 180, 410), conscientious objectors (295), and aca- 
demically gifted women college students (143). 

Attempts have also been made to differentiate between brain-damaged and 
schizophrenic patients (411, 430), and physical and social science students (251). 
Other groups studied with the MMPI include private hospital patients (27), 
nurses (146), and college freshmen (155). 

Correlations have been reported between various MMPI scales and such 
variables as taste blindness (416), termination of youth counseling (214), age, 
education, and intelligence (408), menstrual irregularity (191), responses to car- 
toons (209), perseverance in a convent (259), job success of hospital aides (291), 
and Negro acculturation in a northern city (197). 

Scores on MMPI scales have been found to be correlated with various other 
scales including the Willingness to Accept Limitations Scale (273), extraversion- 
introversion (24, 175), locus of control (50), and scales based on the Interpersonal 
Check List (292). Investigations of the construct validity of MMPI scales have 
employed interviewer ratings (196), self ratings (184), and ideal-self responding 
(203). : i 

Conger (77) found that a dimensional analysis of 100 selected MMPI items 
replicated the two major MMPI factors obtained when correlations between 
MMPI scales are factor analyzed. Lorr (276), using 77 selected MMPI items, was 
able to replicate five of the seven factors previously defined by Tryon (409) from 
a cluster analysis of MMPI items. It has been shown, however, that when scores 
on the seven Tryon cluster scales are intercorrelated and factor analyzed, the 
usual two major MMPI factors are obtained (124, 128). 

Kincannon (244) selected 71 items as representative of the content of MMPI 
scales to develop what he has called the Mini-Mult. Lacks & Powell (257) and 
Lacks (256) report correlations between scales scored on the Mini-Mult and on 
the MMPI that agree with those obtained by Kincannon. Other studies (5, 6) 
report, however, that Mini-Mult profiles for individual subjects permit few con- 
clusions regarding the validity, high points, or general evaluation of individual 
MMPI profiles. 


California Psychological Inventory (CPI).—Gough (181) has reported a cross- 
validation study of a new leadership index based on CPI scales. Gough, Chun & 
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Chung (182) found that the CPI Femininity scale functioned validly with a 
Korean sample, although not at the level obtained in earlier studies. Leventhal 
(269) has reported new norms and test-retest reliabilities for an Anxiety scale 
based on CPI items. Vingoe (419), using peer ratings, self ratings, and derived 
measures of self acceptance, found support for the validity of the Dominance, 
Sociability, and Self-Acceptance scales of the CPI, but not for the Responsibility 
scale. Conflicting evidence was obtained for the Psychological Mindedness scale. 

Schludermann & Schludermann (362) report that the factor structure of the 
CPI based on a Canadian sample is highly similar to that obtained with samples 
from the United States. 

Correlations have been reported between’ scores on CPI scales and scores on 
the Edwards Personality Inventory (2). CPI scales have also been found to be 
correlated with academic achievement (107), creativity (108, 325), serum cho- 
lesterol level (235), peer group effects on treadmill performance (249), and sex 
role identification (270). 


Edwards Personal Preference Schedule (EPPS) and Personality Research Form 
(PRF).—The EPPS and PRF scales are attempts to measure various needs in the 
Murray system. The EPPS consists of 225 forced-choice items and is scored for 
15 ipsative need scales. The PRF has two parallel short forms and two parallel 
long forms with items in a True-False format and provides scores on 15 and 20 
need scales, respectively. Edwards, through the use of the forced-choice item 
format, and Jackson, through the use of balanced True-False scales and careful 
item development, have sought to minimize the influence of response styles on 
scale scores. Edwards, Abbott & Klockars (125) have identified the common 
trait dimensions of the EPPS and PRF and found, in general, that the EPPS and 
PRF scales with the same or similar trait names had their highest loadings on a 
common factor. 

Evidence regarding the construct validity of various EPPS scales has been 
reported in a number of studies (340, 354, 431, 438). Scores on the EPPS scales 
have been found to be correlated with scales of the Strong Vocational Interest 
Blank (250), the Personal Orientation Inventory (268), the Allport-Vernon- 
Lindzey Study of Values (385), dogmatism (403), repression-sensitization (165), 
and sensation seeking (428). Goss (179) has investigated the need patterns of 
patient populations, and Waters (429) studied the stability of EPPS scale scores 
over a seven-week interval. 

Correlates of EPPS scales have been investigated in studies of academic 
achievement (10, 23, 163, 279), vocational outcome of psychiatric patients (104), 
creativity (254), rotary pursuit performance (62), church attendance (289), per- 
sistence in psychotherapy (413), facilitating and debilitating anxiety (427), and 
heterosexual somatic preferences (436). 

Groups studied with the EPPS have included seminary students (53), women 
athletes (98), Navy volunteers for Antarctic service (188), ROTC students 
(322), disturbed adolescents (328), obese university females (329), alcoholics 
(344), smokers (350), light drinkers (351), engaged couples (349), and paranoid 
schizophrenics (404). 
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The PRF items and scales have been used in a series of methodological 
studies (227, 228, 255). Pierce (336) used the PRF in an investigation of friendship 
choice and Hoffman (205) in a study of the personality traits of student nurses. 
Siess & Jackson (381), using a multimethod factor analysis of the PRF and 
Strong Vocational Interest Blank, found significant convergent validity between 
measures of interests and measures of personality traits. 


Sixteen Personality Factor Questionnaire (16 PF).—In a study of the 16 PF, 
Cattell, Eber & Delhees (64) concluded that the number and nature of the 16 
factors was confirmed in a sample of 606 men and women. Howarth & Browne 
(217, 218), however, failed to replicate the 16 PF factors and concluded that the 
16 PF does not measure the factors it purports to measure at the primary level. 
The failure of the 16 PF items to load on the appropriate factors was also re- 
ported by Sells, Demaree & Will (372, 373). 

Four studies have investigated the interrelationships between the 16 PF and 
the MMPI scales (63, 99, 222; 319). Crookes & Pearson (86) related scores on the 
16 PF to scores on the Eysenck Personality Inventory scales. Stereotypic de- 
sirability profiles for the 16 PF were generated by Meredith (301), and Lebovits 
& Ostfeld (264) concluded that the 16 PF scores were significantly correlated 
with defensiveness. 

Scores on the 16 PF have been found to be correlated with scores on various 
other personality scales including sensation-seeking (178), hypnotizability (353), 
and need for approval (363). 

The 16 PF scales have been investigated in relation to academic achievement 
(11, 111), intelligence (87, 242), homosexuality (137), age differences (174), per- 
ceptual phenomenon (266), basal skin resistance (16), frequency of dream recall 
(79), and peak experiences (290). 

Groups which have been studied with the 16 PF include reformatory inmates 
(81), alcoholics (170), child guidance clinic patients (240), and music therapists 
(376). 


Eysenck Personality Inventory (EPI) and Maudsley Personality Inventory 
(MPT).—Both the Eysenck Personality Inventory and its precursor, the Maudsley 
Personality Inventory, provide scores on Extraversion (E) and Neuroticism (N). 
A Lie scale is also scored on the EPI. However, Williams (437) found the Lie 
scale score of little value in identifying dissimulators, and Salas & Richardson 
(358) found little equivalence between the Lie scores on Forms A and B of the 
EPI. Farley (140) found that E and N scores on the MPI and EPI were sub- 
stantially correlated, and in the following discussion no differentiation will be 
made between the Eysenck and Maudsley measures of E and N. 

E or N scores have been investigated with respect to impulsivity (141, 142), 
aggression (159), rigidity and dogmatism (110), occupational choice (216), 
affiliation and anxiety (375), manifest anxiety (379), sensation seeking (29), 
repression-sensitization (93), academic achievement (136), personal space (300), 
voice expression (253), and difference in responses to neutral and emotional 
words (49). 
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Experimenters have also attempted to relate E or N scores to physiological 
measures such as blood pressure (96), alpha rhythm (47), pupillary changes 
(157), EEG patterns (162), salivation (220, 343, 347), pain tolerance (95), visual 
sensitivity (380), auditory thresholds (390). visual after-images (435), and critical 
flicker frequency (15). 

Within a learning paradigm, investigators have attempted to relate E or N 
scores to autonomic conditioning (310), eyelid conditioning (337), incidental 
learning (20), serial learning under distraccion (215), paired-associate recall (219, 
294), escape and avoidance learning (320), and pursuit rotor performance (374). 

E or N scores have been reported for depressed patients (164, 239), manic- 
depressive patients (338), and as a function of age, sex, and social class (139). 


Personal Orientation Inventory (POI).—The POI was constructed to provide 
measures of some of the personality trai-s relevant to self-actualization theory. 
Correlations of POI scales with various other scales have been reported including 
locus of control (424), repression-sensitization (153), the EPPS scales (268), and 
the Gordon Personal Inventory scales (37). 

The validity of POI scales has been investigated in a number of studies (92, 
156, 183, 288). Ilardi & May (224) concladed that their findings with respect to 
the reliability of the POI scales were inconclusive but encouraging. Silverstein & 
Fisher (383) have investigated the influence of item overlap in POI scales on the 
factor structure of the scales. 

POI scales have been used in studies of sensitivity training groups (90), 
academic performance (267, 399), identty achievement (384), and personality 
characteristics of volunteers for psycholcgical experiments (377). 


Edwards Personality Inventory (EPI).—The EPI consists of four booklets with 
300 items in each booklet in a True-Fals= format. A total of 53 scales with non- 
overlapping items can be scored in the EPI, with 14 of these scales having parallel 
forms in another booklet. 

Edwards (118) found that when items in one of the EPI booklets were stated 
in the first person form, scores on the szales were highly correlated with scores 
on the same scale when the items are sta-ed in the third person form. Fiske (149) 
has replicated this finding, but reports that scales in the third person form had 
higher internal consistency coefficients tkan the scales in the first person form. 

Oakland has reported normative data on the EPI for a sample of high school 
students (317) and also the relationship >f the EPI scales to achievement of high 
school students (318). He found that a aumber of EPI scales were substantially 
correlated with over- and under-achievenent of the students in his sample. 

The trait dimensions measured by the EPI have been related to the dimensions 
measured by the CPI (2), EPPS and PRF (123), and the 16 PF, CPI, and EPPS 
(122). 


Comrey Personality Scales (CPS).—Beginning with three factor dimensions 
Comrey and his associates (73, 115, 232, 233) have expanded the number of 
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dimensions to eight. The culmination of this research has been the publication of 
the CPS (74). The construct validity of the CPS scales has been investigated by 
comparing scores on the scales with information obtained from a biographical 
data questionnaire (75). 


Omnibus Personality Inventory (OPI).—Elton & Terry (133) found that the 
factor structure of the OPI was stable over a four-year period. Correlations of 
the OPI scales with the A-B therapist scales have been reported by Dublin, Elton 
& Berzins (114). The OPI scales have also been investigated with respect to pat- 
terns of change in personality test scores (130), characteristics of low income 
males (131), sociosexual adjustment (202), creativity (433), and inferred personality 
characteristics of college students (132) based on Astin’s (8) analysis. 


Allport-Vernon-Lindzey Study of Values (AVL).—The construct validity of 
the AVL has been investigated by Arsenian (7) and Simon (385). Abbott (1) 
found that scores on the AVL were uncorrelated with measures of social desir- 
ability, acquiescence, and impression management. AVL scales have also been 
used in a study of esthetic sensitivity (59). 


Differential Personality Inventory (DPI) and Spiegel Personality Inventory 
(SPD).—Two new multiscale inventories have been constructed which attempt to 
measure personality traits primarily relevant to psychopathology. The DPI was 
constructed using the same methodological procedures involved in constructing 
the PRF and is scored for 12 clinical and 3 validity scales (230). The DPI has 
been used in a study of transvestites (18) and with alcoholics (327). 

The SPI was developed by Spiegel (392) and consists of 200 items which are 
scored on 35 scales. Normative data on the SPI scales have been reported for 
alcoholics, psychiatric inpatients, and normals (394). Correlations of the SPI 
scales with the MMPI scales have been reported (391), as have correlations of the 
SPI scales with the CPI and AVL scales and the dogmatism scale (395). The SPI 
scales have been used in a study of psychopathology (391), of tactual appeal 
(396), and of the “funniness” of cartoons (393). 


Adjective check lists.—Research with adjective check lists has continued dur- 
ing the period under review. Sciortino (366-369) has investigated the factor 
structure of the Intellective Adjective List (AL) and General Adaptability Ad- 
jective List (GAAL), and Lange (258) has investigated the factor structure of the 
Interpersonal Check List (ICL). 

Parker & Veldman (324) factor analyzed the item correlations of the Gough 
Adjective Check List (ACL) and interpreted 7 factors. The first factor, account- 
ing for the most variance, was regarded as a social desirability factor. In a sub- 
sequent study, Veldman & Parker (414) developed factor scales based on their 
item factor analysis and were able to replicate the item factor structure using the 
scale intercorrelations. : 
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New scales developed for the ACL include a masculinity-femininity scale 
(323) and two creativity scales (109, 388). 

Scores on various ACL scales have been found to be related to tolerance of 
ambiguity (82) and educational level (225). Von Singer & Pederson (421) have 
investigated some behavioral correlates of tae ACL scales. Groups studied with 
the ACL have included bright college freshmen (285), creative adolescents (361), 
and teachers (432). 


SCALEE 


In this section we discuss briefly the Marlowe-Crowne (MC) and Masculinity- 
Femininity (Mf) scales and, in addition, a number of miscellaneous scales and 
new scales. Theory testing research studies volving the Manifest Anxiety (MA), 
Repression-Sensitization (RS), Locus of Control (LC), and Extraversion- 
Introversion (E) scales will be discussed in a later section. 


MC scale-—-The MC scale was origirally developed as a measure of the 
tendency to give socially desirable responses (88). However, the MC scale was 
found to have a relatively low correlation with Edwards’ Social Desirability (SD) 
scale, and scores on the MC scale were scbsequently interpreted by Crowne & 
Marlowe (89) as measuring “need for sociel approval.” Some investigators have 
also interpreted scores on the MC scale as measuring defensiveness or impression 
management or role-playing tendencies. 

Scores on the MC scale have been found to be correlated with scores on the 
Self-Analysis Scale (363), with yea-saying tendencies (186), achievement (286), 
and hostility (193), but not with scores on. the Ambiguity Tolerance scale (282). 

Within an experimental context, scores on the MC scale have been investi- 
gated with respect to attribution of blame (102), verbal conditioning of self- 
referent statements (105), the presence amd absence of an experimenter (199), 
defensiveness (208, 305), cheating (260), verbal learning (306), experimenter bias 
effect (389), and nonzero sum games (405°. 


Mf scales.—Several studies (25, 234, 280) have failed to demonstrate the 
convergent validity of various Mf scales. Mf items in a cross-validation study 
failed to differentiate between males and females (34), and in a factor analysis of 
the items from various Mf scales Lunneborg & Lunneborg (280) found that the 
items failed to load on a common factor. It has also been reported that many 
items included in Mf scales, which would commonly be judged as differentiating 
between males and females, actually fail ts do so (278). Manosevitz (283), on the 
other hand, found that 13 of the items in tie Mf scale of the MMPI differentiated 
between male homosexuals and a control group. 


Miscellaneous scales and inventories— Evidence regarding the construct 
validity of various scales, tests, and invencories has been reported, including: the 
Zung Depression scale (304), Gordon Survey of Interpersonal Values (176, 311), 
Michill Adjective Rating Scale (345), Barrett-Lennard Relationship Inventory 
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(422), Shallow Affect Scale (42), self-expressive styles (187), Opinion, Attitudes, 
and Interest Survey (158), scales of dominance (101), Accurate Empathy Scale 
(55, 67, 417), Death Anxiety Scale (195, 406), Guilt Embarassment Scale (112), 
Mosher Sex Guilt scale (160, 161, 333), Buss-Durkee Hostility Scale (248), self- 
peer rank method of measuring need achievement (210, 211), Sensation-Seeking 
Scale (246, 314, 442, 443), the Myers-Briggs Type Indicator (247), self-concept 
dimensions (12, 418), Self-Esteem Inventory (33), the Self-Disclosure Inventory 
(223, 420), and the Guilford-Zimmerman Temperament Survey (166, 356). 

The construct validity of a number of different anxiety scales has been investi- 
gated, including the Alpert-Haber Achievement Anxiety Test (61, 100, 236, 
274, 293), Stimulus-Response Inventory of Anxiousness and Hostility (134, 135, 
378), and test anxiety scales (14, 106, 221, 321, 348, 352, 360). 


New scales—New scales have been reported for measuring psychosexual 
development (68), coldness-warmness (145), use of defense mechanisms (167), 
impulse control (263), ambiguity tolerance (282), self perception (284), affiliation 
and sensitivity to rejection (298), id, ego, and superego tendencies (382), moti- 
vational constructs (434), self-actualization (30), and social desirability tendencies 
in children (152). 

Other constructs for which scales have been developed include altruism (262, 
423), empathy (66, 94, 207), fear of death and dying (72), guilt tendenices (313), 
hostility (80, 335), under- and over-confidence (83), Protestant ethic (308), need 
achievement (281, 297), novelty seeking (332), social-personal orientation (58), 
and social self-esteem (56, 339, 441). 


Socıan DesirAsıLıty Scare VAarues (SDSVs) 


The SDSVs of personality items are obtained by having judges rate the items 
on a 9-point scale ranging from extremely undesirable through neutral to ex- 
tremely desirable, in accordance with instructions described by Edwards (116, 
120). The SDSV of an item is simply the average rating assigned to the items. The 
SDSVs of large and representative sets of personality items have been found to 
be highly reliable and highly correlated over diverse groups of judges (120). 

Gray & Gynther (185), in a study of the sex items from the MMPI, found no 
significant main effects with respect to the SDSVs of these items for sex of the 
judges, sex of the experimenter, and need for approval. In a similar study with 
the religious items of the MMPI (189), the mean SDSVs of these items were found 
to be related to religious affiliation. 

Walsh (425) has investigated the influence of anchoring stimuli on items with 
neutral SDSVs that differ in their dispersions. The influence of instructional sets 
on SDSVs of items has been investigated (60) as have position and sequence 
effects (206). 

Several studies (22, 231, 426) have investigated the interrelationships between 
SDSVs of personality items, probability of endorsement of the items, and judged 
likelihood of occurrence of the traits represented by the items. All three of these 
item properties have been found to be highly intercorrelated. 
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Anderson (4) has reported “likeableness” ratings for 555 personality charac- 
teristics. Kirby & Gardner (245), on the basis of a sample of Anderson’s traits, 
report that “likeableness” ratings correlated .98 with the SDSVs of the same 
traits. 


EVALUATIVE AND DESCRIPTIVE CONSISTENCY 


There is clear evidence to show that if judges are asked to describe someone 
they know and like and of the same age and sex as themselves, they are much 
more likely to attribute socially desirable traits to the individuals being judged 
than socially undesirable traits. In fact, the zelationship between the probabilities 
of attributing traits to persons liked and the SDSVs of the traits is linear. In one 
study (117) the correlation between these two variables was .95 for female judges 
and .93 for male judges. In describing someone disliked the correlations were 
negative, but of considerably smaller magnitude than those obtained when judges 
described someone they liked. 

In experimental studies of trait inferences, instead of being asked to describe 
someone they know, judges are typically presented with one or more trait terms 
which they are told are descriptive of a subfct and are then asked to make judg- 
ments as to whether other trait terms are also descriptive of the same subject. The 
evidence from these studies indicates that Fidges tend to infer socially desirable 
or favorable traits from other favorable traifs and socially undesirable or unfavor- 
able traits from other unfavorable traits. This tendency has been described as 
“evaluative consistency.” 

Peabody (330) has pointed out that it is possible for two trait terms to be 
similar with respect to both an evaluative ard a descriptive dimension and that in 
trait inference studies the two are often confounded. For example, if a judge 
infers that a subject is “considerate” because he has been told that the subject is 
“kind,” does he do so because both traits ere socially desirable (evaluative con- 
sistency) or because both traits share a common descriptive quality (descriptive 
consistency)? Using a set of trait terms that he believed to avoid the usual con- 
founding between evaluative and descriptive similarity, Peabody reported evi- 
dence which he regarded as conclusively demonstrating the dominance of descrip- 
tive consistency over evaluative consistency. Peabody’s conclusions have not gone 
unchallenged. 

Rosenberg & Olshan (355) have pointed out that the absence of an evaluative 
dimension in Peabody’s factor analysis seems to have resulted from a scoring 
artifact which would have discarded relevaat information about this dimension. 
Using 80 of Peabody’s trait terms and a multidimensional scaling program, they 
found a general evaluative dimension. In another study, Felipe (144) reported 
evidence to support both evaluative and descriptive consistency. Peabody (331), 
in a reappraisal of his own results and those of Felipe and Rosenberg & Olshan, 
concludes: “(a) In the covariation of many -raits, evaluative and descriptive rela- 
tions are of comparable importance; (5) in separate trait judgments, descriptive 
effects are the more important when descr-ptive relations are strong; (c) in the 
combining of several traits, it is the descriptive effects that are enhanced” (331, 
p. 639), 
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The studies described above were concerned with trait inferences. Edwards 
(119) used Peabody’s trait terms to obtain self descriptions. A score of 1 was 
assigned to a True response and a score of 0 to a False response to each trait 
term. Subjects were under instructions to describe themselves, and their responses 
to the trait terms were intercorrelated and factor analyzed by the method of prin- 
cipal components. The first factor loadings of the trait terms were found to be 
linearly related to the social desirability or evaluative values of the terms. Trait 
terms with positive evaluative signs had positive loadings on the first principal 
component, and those with negative evaluative signs had negative loadings. This 
was true even for those paired trait terms judged by Peabody to be descriptively 
similar, such as “cautious” and “timid.” Apparently this first factor represents an 
evaluative or social desirability dimension which cannot be accounted for in 
terms of descriptive consistency. 


- RESPONSE STYLES 


Social desirability. —A Social Desirability (SD) scale has been defined as one 
in which all of the items are keyed for socially desirable responses (116). A 
socially desirable response to an item, in turn, has been defined as a True re- 
sponse to an item with an SDSV>5.0 or as a False response to an item with an 
SDSV<5.0. Although a fairly large number of different SD scales have been 
investigated and found to have high loadings on a common factor (120), the 
one that has been most frequently used in research consists of 39 items which 
are scored in the MMPI. The MMPI SD scale has been found to be an excellent 
marker for the first principal component obtained when MMPI scales are inter- 
correlated and factor analyzed. First factor loadings of MMPI scales have also 
been found to be directly related to the proportion of items in the scales keyed 
for socially desirable responses. 

Using cluster analysis and a sample of male adults selected to be hetero- 
geneous in emotional disturbance, Tryon (409), Stein (397), and Chu (69) de- 
veloped seven new scales from the MMPI item pool. The seven scales, described 
as measuring Introversion, Body Symptoms, Suspicion and Mistrust, Depres- 
sion, Resentment, Autism, and Tension, were believed to represent the major 
content dimensions of the MMPI item pool. A principal component factor 
analysis of the TSC scales has been reported by Edwards, Klockars & Abbott 
(128). The analysis included three marker variables for the first three MMPI 
principal components: the SD, R, and Lie scales. All seven of the TSC scales 
were found to have positive loadings greater than .61 on the first principal com- 
ponent on which the SD scale had a loading of —.91. All but four of the items in 
the TSC scales are keyed for socially undesirable responses, whereas all of the 
items in the SD scale are keyed for socially desirable responses, and the results 
were interpreted as being consistent with previous findings regarding MMPI 
scales which contain an extreme imbalance in their social desirability keying. 

A replication of the above study was carried out using the correlations be- 
tween the TSC scales obtained from the Tryon sample (124). The results obtained 
with the Tryon sample were essentially the same as those obtained with the 
college sample, except that, in general, the loadings of the TSC scales from 
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Tryon’s sample were higher on the first principal component than for the college 
sample, as was also the loading of the SD scale (~.99). The investigators con- 
cluded that there was considerable redundency in the seven TSC scales in that 
each of them had its highest loading on the first principal component. Stein (398) 
has objected to this conclusion, pointing oat that the TSC scales are keyed for 
maladjustment and therefore to consider the scales as redundant measures of 
social undesirability is a reductionism that is conceptually narrow and unfruitful. 
The fact remains that there is considerabl= redundancy in the TSC scales re- 
gardless of whether they are interpreted a3 measuring “maladjustment” or as 
measuring the “tendency to give socially undesirable responses in self-descrip- 
tion.” 

Millimet (307) pooled items in 10 MMPI scales, presumably measuring 
anxiety and defensiveness, to develop a new MMPI scale which he called Mani- 
fest Anxiety-Defensiveness (MAD). The MAD scale was subsequently found to 
correlate —.86 (males) and —.91 (females) with the SD scale. 

Kimble & Posnick (243) constructed a scale which matched the items in the 
Manifest Anxiety (MA) scale in terms of grammatical structure and social de- 
sirability but in which the content was believed to be irrelevant to the construct 
of anxiety. They found that scores on their scale correlated .73 with the MA 
scale. Edwards, Cone & Abbott (126), in turn, constructed a scale in which the 
items did not have the same grammatical structure and in which no attempt was 
made to include items with content relevan: to anxiety. The SDSVs of the items 
in this scale were fairly comparable to the SDSVs of the items in the MA scale, 
and the scale was found to correlate .71 witi the MA scale and .69 with the Kim- 
ble-Posnick scale. The investigators account for the correlation between their 
scale and the Kimble-Posnick scale as resu.ting from the fact that 80 percent of 
the K-P items were keyed for socially undzsirable responses and 84 percent of 
their items were keyed for socially undesirable responses. All of the MA items 
were keyed for socially undesirable responses. 

Golin, Herron, Lakota & Reineck (17T) found that the MA and RS scales 
correlated .87, and they concluded that scores on the two scales have the same 
psychological meaning. Sullivan & Roberts (402), however, showed that the 
correlation between MA and RS cannot be attributed to the fact that they have 
a substantial number of MMPI items in common. When the common items were 
eliminated from the RS scale, the scale was still found to havea correlation of .86 
with the MA scale. Liberty, Lunneborg & Atkinson (272) found some years 
ago that both the MA and RS scales had hgh loadings, —.87 and —.94, respec- 
tively, on the first principal MMPI factor >n which the SD scale had a loading 
of .87. 

Although the MA and RS scales have items in common with the SD scale, 
the high negative correlations of these two scales with the SD scale cannot be 
attributed to item overlap. Abbott (3), usinz items from the Edwards Personality 
Inventory, constructed a Balanced Social Desirability (BSD) scale in which 20 
items were keyed for True and 20 for False responses. The BSD scale correlated 
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.75 with the MMPI SD scale, —.77 with the RS scale, and —.77 with the MA 
scale. 

The relatively low correlations found between scores on the Marlowe-Crowne 
(MC) scale and Rotter’s Locus of Control (LC) scale resulted in Lefcourt’s (265) 
conclusion that scores on the LC scale are relatively free from social desirability 
tendencies. As Cone (76) has correctly pointed out, the MC scale is modeled after 
the Lie scale of the MMPI and does not measure the same construct as the SD 
scale. For a sample of male soldiers referred to a mental health outpatient clinic, 
Cone found that the LC and SD scales correlated —.70. For two different sam- 
ples of male soldiers confined in a stockade, the correlations between the LC 
and SD scale were —.47 and —.46. For a sample of economically disadvantaged 
young people the correlation between the LC and SD scales was —.29, and for a 
sample of alcoholics the correlation was —.32. 

Most of the research with the SD and LC scales has been done with college 
students. As yet, no one has provided an estimate of the correlation between 
these two scales for a sample of this kind. 


Acquiescence.—Bentler, Jackson & Messick (17) have differentiated between 
“agreement acquiescence” and “acceptance acquiescence.” In the personality 
domain, the first type has traditionally been defined as individual differences in 
the tendency to respond True or to agree with personality statements. The sec- 
ond type is defined by Bentler, Jackson & Messick as individual differences in 
the tendency to accept characteristics as self-descriptive. Block (26), in a reply, 
fails to acquiesce with the Bentler, Jackson & Messick position. Block is critical 
of both the methodology and results of the studies cited by Bentler, Jackson & 
Messick and believes that they have failed to provide any positive and systematic 
evidence attesting to the importance of agreement acquiesence or acceptance 
acquiescence in structured personality inventories. 

One of Block’s criticisms is that the construct validity of scales designed to 
measure acquiescent tendencies has not been demonstrated. If a scale is to 
measure agreement acquiescence, then all of the items in the scale should be 
keyed for either True responses or for False responses so that high scores, in the 
case of True keyed scales, or low scores, in the case of False keyed scales, would 
presumably measure the construct. On the other hand, if all of the items in the 
scale have SDSVs> 5.0 or SDSVs<5.0, then the acquiescent keying of the items 
would be completely confounded with the social desirability or undesirability 
keying and scores on the scale could be expected to be highly correlated with 
scores on the SD scale. 

In principal component analyses of MMPI scales, the R scale usually has a 
relatively low loading on the first principal component and a relatively high 
loading on the second principal component. All of the items in the R scale are 
keyed for False responses; the SDSVs of the 40 items spread across the com- 
plete social desirability continuum with a median value of approximately 5.8; 
and the scale has a relatively low correlation with the SD scale. Furthermore, the 
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second component factor loadings of MMPI scales have been found to be directly 
related to the proportion of items in the scales keyed for True responses (127). 
If the second factor of the MMPI is interpreted as agreement acquiescence, then 
the R scale obviously is a relatively good mezsure of this construct. 

Further evidence regarding the construct validity of the R scale as a measure 
of agreement acquiescence has been repor:ed by Edwards & Abbott (121). 
MMPI items were sorted according to their SDSVs, and 26 scales were con- 
structed simply on the basis of the SDSVs and without regard to the content of 
the items. The 20 items with the lowest SDSVs were selected to form Scale 1, the 
next 20 to form Scale 2, and so on, with ScaE 26 consisting of the 10 items with 
the highest SDSVs. All of the items in each cf the 26 scales were keyed for True 
responses, and scores on the 26 scales were then correlated with scores on the R 
scale, All 26 of the correlation coefficients were negative. The items in the 26 
scales exhaust the MMPI item pool, and the results obtained would seem to 
provide additional evidence that the R scale has construct validity as a measure 
of agreement acquiescence with respect to MMPI items. 

In another study, Bock, Dicken & Van Pet (28), using an analysis of variance 
model, conclude that some variance attributable to acquiescent tendencies is 
undoubtedly present in MMPI scores but <hat it is small relative to content 
variance. Whether the variance they attribute to content is actually content 
variance or social desirability variance is not.considered. 

-Bernhardson (21) obtained SDSVs for [£6 MMPI items and their reversals 
and also responses of individuals to the original and reversed iterns. He suggests 
that double agreement or double disagreement with the original and reversed 
personality items may be the result of social desirability rather than a tendency 
to agree or disagree. 

In another item reversal study, McBride & Moran (287) report that there is a 
positive correlation between need for approval and double agreement to original 
and reversed attitude items and that high reed approval subjects tend to view 
both original and reversed items as more ambiguous than low need approval sub- 
jects. 


Extreme response set. —Hamilton (192) has reviewed much of the literature 
regarding the relationship between persona.ity variables and extreme response 
set. Iwawaki & Zax (226) found that neurotics made more extreme ratings than 
nonneurotics and that stable introverts made fewer extreme ratings than neurotic 
extraverts. Norman (315) obtained results which suggest that high anxiety (high 
scores on the A and low on the R scale of tke MMPI) is related to the use of ex- 
treme response tendencies and that repressian (low A and high R) is related to 
the use of neutral categories. Adjusted subjects (low A and low R) tended to 
make more use of intermediate categories. V/orthy (440), on the other hand, has 
argued that the midpoint or neutral category should also be regarded as an ex- 
treme response set. Merrens (302) presents results to indicate that extreme re- 
sponse set is a general and not a specific trait. Parsonson (326) has suggested that 
extreme response set tendencies may be relazed to sex-role expectancies. 
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Rore PLAYING 


A considerable number of studies have been concerned with the influence of 
fake good or fake bad instructions on various personality inventories. As a result 
of a study with the Self-Perception Inventory, Braun & Tinley (46) conclude that 
the inventory is “grossly transparent.” Fake good instructions on the Minnesota 
Counseling Inventory were found to result in more favorable scores on six out 
of seven scales (40). 

Fisher & Silverstein (147) report that fake bad instructions with respect to 
the Personal Orientation Inventory (POI) resulted in lower scores. Interestingly 
enough, fake good instructions on the same inventory were also found to result 
in lower scores (44, 154). Under “ideal” self instructions inconsistent results were 
obtained; scores on some scales of the POI were higher and scores on other 
scales were lower (39). Surveying a number of studies done with the POI, Braun 
& LaFaro (44) conclude that unless subjects have special information about the 
POI and self-actualization, the inventory is resistant to faking. 

Braun & Constantini (41) found relatively small differences in mean scores on 
the Personality Research Form (PRF) AA under fake good and standard in- 
structions, whereas Braun & Asta (38) report substantially larger differences on 
the shorter PRF A. On the other hand, Hoffman (204), using a relatively small 
sample of patients with a diagnosis of personality disorders, found that fake 
good instructions had relatively little influence on mean scores on the PRF A, but 
that fake bad instructions resulted in fairly large differences. 

Both fake good and fake bad instructions were found to influence scores on 
the 16 Personality Factor Questionnaire (45, 301). No significant differences were 
found between fake good and standard instructions on the Zung Self-Rating 
Depression Scale by Mikesell & Calhoun (303). They report, however, that fake 
bad instructions on the same scale significantly increased scores. Braun (36) re- 
ports that, compared with other inventories, the Edwards Personality Inventory, 
Booklet IV, is surprisingly resistant to faking. 

Under instructions to create the “best” impression on Mosher’s Forced- 
Choice Guilt Inventory, it was found that subjects obtained higher guilt scores 
than under standard instructions, whereas under instructions to create a “bad” 
impression, guilt scores were lower than under standard instructions (113). 
Braun & LaFaro (43) report that both contact and distortion scores on the Con- 
tact Personality Factor Test are significantly increased under faking instructions. 
A study with the Gordon Personality Inventory and Profile indicates that if the 
same subjects are tested under standard and fake instructions, the order of ad- 
ministration is of importance (365). 

Gorman (177) found that the items in the Neuroticism (N) scale of the Eysenck 
Personality Inventory had socially undesirable scale values, whereas the Ex- 
traversion (E) items were rated as highly desirable. He reports that most of his 
subjects could successfully fake good or fake bad on demand and that the dif- 
ferent score patterns obtained from fake good and fake bad instructions were 
predictable from the desirability ratings of the items. Consistent with Gorman’s 
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results, Skinner, Howarth & Browne (386) report that asking subjects to simulate 
a “nice” personality resulted in lower scores on N and higher scores on E. On 
the basis of results obtained under fake bad and standard instructions, Salas 
(357) concluded that the Eysenck Personality Inventory shows little promise of 
discriminating malingerers from genuine nesrotics. Power (341) and Power & 
O’Donovan (342) have investigated dissimulation on the Maudsley Personality 
Inventory. 

All of the above studies simply indicate tne degree to which mean scores on 
personality inventories and scales are altered or changed when subjects are 
specifically asked to role play. When individuals are asked to fake good or fake 
bad on a given scale or inventory, there are individual differences in the degree 
to which they can successfully do what they have been asked to do. In an im- 
portant study, Stricker (400) has presented evidence to indicate that role-playing 
success on a given scale does not generalize t> performance on other personality 
scales. 

Role playing or impression management studies in which subjects are asked 
to fake their responses leave unanswered the question of the degree to which the 
tendency to fake may be operating when inventories and scales are administered 
under standard instructions (120). If role playing does occur under standard 
instructions, then presumably scores on the szale should be correlated with those 
underlying variables that make for successful role playing. Stricker (400) refers 
to these variables as measures of “test-wiseness.” In his study, however, he found 
relatively low correlations between a numbes of different measures of test-wise- 
ness and scores on personality scales when administered under standard instruc- 
tions. The question of which, if any, and to what degree subjects fake responses 
when they respond to the items in a scale or inventory under standard instruc- 
tions is one that still remains to be answered. 


CONVERGENT AND DISCRIMINANT VALIDITY 


In what has by now become a classic article on psychological measurement, 
Campbell & Fiske (54) proposed that any scale designed to measure a given trait 
should be shown to have both convergen and discriminant validity. Simply 
stated this means that a scale designed to measure a given trait should not be too 
highly correlated with scales measuring different traits, whereas it should be 
highly correlated with other measures of the same trait. To determine the con- 
vergent and discriminant validity of various scales, they proposed the use of a 
multimethod-multitrait matrix consisting cf the intercorrelations of different 
traits measured by different methods, and they provided informal criteria for 
evaluating the matrix. 

Norman (316) has presented the results of a series of studies on the con- 
vergent and discriminant validity of peer amd self-ratings and personality ques- 
tionnaires. Other studies have reported on tre convergent and discriminant valid- 
ity of various measures of liberalism-conservatism (200), needs (35, 296, 340), 
ego-identity (13), sense of humor (252), crestive ability (172), self-esteem, domi- 
nance, and dogmatism (194), cognitive style (312), children’s traits as obtained 
from retrospective reports (52), and of the Clyde Mood Scale (148). 
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An analysis of variance model has been used to evaluate method, trait, and 
error variance associated with measures of leadership (31) and with performance 
ratings (241). Another model, a maximum likelihood factor solution, has been 
proposed by Jöreskog (238) for evaluating method, trait, and error variance. 
Jöreskog has applied his model to a multitrait-multimethod matrix originally 
cited by Campbell & Fiske. Another application of a maximum likelihood factor 
solution has been provided by Boruch & Wolins (32). 

Jackson (227) has described what he refers to as a multimethod factor 
analysis for evaluating multitrait-multimethod matrices. In essence, he substi- 
tutes an identity matrix (unity in the diagonals and zeros elsewhere) for the 
monomethod submatrices in the multitrait-multimethod matrix. The resulting 
multitrait-multimethod matrix is then factor analyzed by the method of principal 
components. Jackson has used multimethod factor analysis to evaluate a matrix 
involving the intercorrelations between two forms of the PRF. Kusyszyn & 
Jackson (255) have provided a comparison of the results obtained with a multi- 
method factor analysis and with a standard principal component analysis. Lorr & 
Hamlin (277) have applied multimethod factor analysis to behavioral and objec- 
tive measures of psychopathology. 

Conger (78) has criticized Jackson’s multimethod factor analysis on a number 
‚of grounds and has argued that it is biased in the direction of confirming con- 
vergence for similar traits and divergence for dissimilar traits. Jackson (229) 
has replied that Conger’s criticisms are essentially irrelevant. 

The arbitrary substitution of identity matrices, as recommended by Jackson, 
for the monomethod submatrices in the supermatrix is not equivalent to a Gram- 
Schmidt or some other mathematical orthogonalization of these submatrices. 
A Gram-Schmidt orthogonalization (213) or any other mathematical ortho- 
gonalization will result in some adjustments to the intercorrelations within the 
heteromethod submatrices, whereas these entries remain unchanged if Jackson’s 
procedures are followed. 

It can be proved that if we have two methods with k traits measured by each 
method and if the monomethod submatrices have been subjected to a Gram- 
Schmidt orthogonalization, then a principal component analysis of the resulting 
supermatrix must necessarily result in k principal component factors with eigen- 
values greater than 1 and & principal component factors with eigenvalues less 
than 1.3 Thus we will necessarily obtain as many factors (k) as we have different 
scales or traits, each with an eigenvalue greater than 1. If the correlations between 
the two methods of measuring each of the same traits are relatively high, and the 
intercorrelations between the different traits are moderately low, then in the 
square correlation supermatrix of order 2k, each column will contain two high 
values, “1” and the high correlation between the paired traits, k—1 values which 
are equal to 0, and k—1 moderately low values representing the correlations of 
the trait with different traits measured by a different method. Furthermore, the 
two columns corresponding to each pair of traits will each have two high values 
in each of two rows, and these rows will be different for each pair of traits. Under 
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these conditions, it is not unreasonable to expect that each of the k factors with 
eigenvalues greater than 1 will have, after e Varimax rotation, two relatively 
high loadings. 

To test the above prediction, we did the following unpublished study with 
the Edwards Personality Inventory (EPI) which provides measures of 53 normal 
personality traits. Booklets IA and IB of the EPI provide comparable measures 
on 14 of the 53 traits. For the remaining 39 traits we subdivided the items in 
each of the 39 scales into two halves and ob-ained scores on each half scale as 
though they represented comparable forms. We then obtained a matrix of order 
106X106 of the intercorrelations of the 10€ scales. We did a Gram-Schmidt 
orthogonalization of the intercorrelations of the 53 scales within each form and 
obtained a supermatrix with a 53X53 identit? monomethod submatrix for each 
form and with the intercorrelations between forms adjusted accordingly. A prin- 
cipal component factor analysis of this 106x106 matrix resulted, as it must, in 
53 factors, each with an eigenvalue greater than 1. A Varimax rotation of these 
53 factors resulted in 53 factors with two qu-te high loadings (the lowest being 
-70) on each of the factors. All other loadings on each factor were quite low, the 
highest being .22. This rotated factor loading matrix is an almost ideal case of a 
simple structure matrix. 

We should note, however, that a principal component analysis of the inter- 
correlations of the 53 EPI scales does not result in 53 factors with eigenvalues 
greater than 1, but only in 14 such factors. We suggest that, at least in the case of 
two methods (or forms) with the same k traits measured by each method (or 
form), and under the conditions described, mu_timethod factor analysis will tend 
to confirm convergence for similar traits and divergence for dissimilar traits, 

An important question, however, is the iterpretation of the factor loadings 
obtained with a multimethod analysis. It would appear from Jackson’s discussion 
that he regards these loadings as the factor Icadings of the scales. In discussing 
the results of a multimethod factor analysis 3f comparable forms of the PRF, 
for example, he states “no irrelevant scale sutstaniially loads a factor defined by 
parallel scales, and the loadings for relevant pairs of scales are uniformly high 
and very similar” (227, p. 42). And again: “The lowest loading for a parallel 
form measure on an appropriate factor is .82, while the highest absolute irrele- 
vant scale loading on any factor is .26” (p. 42). If the factor loadings obtained 
with a multimethod factor analysis of the two forms of the PRF scales were in 
fact the loadings of the scales on the factors, then it should be possible to show 
that the correlations of the PRF scales with factor scores on the multimethod 
factors are indeed equal to the factor loadimgs. Neither a proof nor empirical 
evidence regarding this point is presented by Jackson. 


IPSATIVE AND NORMATIVE SCALES 


A set of two or more scales has been de“ined as ipsative if the sum of the 
scores on the set of scales is equal to a constant for each individual. For any set 
of k ipsative scales, scores on any given scale zan be perfectly predicted from the 
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scores on the remaining k—1 scales, and the rank of the correlation matrix of 
the ipsative scales cannot be greater than k—1. Well-known examples of sets of 
ipsative scales are the 15 scales of the EPPS and the 6 scales in the AVL. 

In a review of ipsative, normative, and forced-choice measures, Hicks (201) 
takes a strong stand in favor of normative measures. He states: “The difficulties 
associated with purely ipsative measurement techniques derive directly from the 
defining characteristics of the technique: the sum of the scores obtained over the 
attributes for each individual must be a constant. This basic characteristic in- 
troduces into the ipsative score matrix many peculiar properties that are absent 
from normative and forced-choice normative matrices” (201, p. 181). There is, of 
course, nothing “peculiar” about an ipsative score matrix other than that the 
sum of scores for each individual is a constant and that this, in turn, results in 
certain mathematically predictable properties with respect to the covariance and 
correlation matrices of a set of ipsative measures (70, 71, 346). 

After reviewing the limited work that has been done comparing the empirical 
“validity” of ipsative and normative measures, Hicks states that “one finds no 
clear evidence that such tests (ipsative) have ever been demonstrated to be 
superior to similar normative keys, although such superiority is sometimes re- 
ported” (201, p. 178). And again, “In any case, one does not find clearly superior 
validities associated with the purely ipsative technique” (p. 178). Scott (370) 
arrived at this same conclusion in an earlier review of forced-choice and single- 
stimulus scales. Granted that there is no conclusive evidence that ipsative scales 
have superior validities to normative scales, it must also be acknowledged that 
there is no conclusive evidence that, in practice, normative scales have superior 
validities to ipsative scales. Any choice between these two methods of measure- 
ment must, therefore, be based on grounds other than the validities of the two 
methods of measurement. 

In a factor analysis that included both normative and ipsative measures, 
Atkinson & Lunneborg (9) obtained interpretable factors loaded by both ipsative 
and normative measures and factors loaded only by ipsative measures. They state 
that “finding interpretable factors loaded by both normative and ipsative scales 
may indirectly support the notion that the factor structure obtained from ipsative 
measures is not dissimilar from a normative structure” (p. 34). 

Edwards, Abbott & Klockars (125) factor analyzed the EPPS scales, which are 
ipsative, and the PRF AA scales, which are normative, along with three other 
normative scales. They also found interpretable factors on which both ipsative 
and normative scales had high loadings. Of major interest in this case is the fact 
that there are a number of PRF normative scales with the same trait names as the 
EPPS ipsative scales. These paired ipsative-normative scales, in general, had high 
loadings with the same sign and of comparable magnitude on a common factor, 
For example, the two “order” scales loaded .79 and .79 on a common factor, the 
two “autonomy” scales loaded —.72 and —.60 on a common factor, the two 
“dominance” scales loaded .86 and .83 on a common factor, the two “endurance” 
scales loaded .83 and .70 on a common factor, and so on. These results obviously 
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indicate that it is possible to construct both ipsative and normative measures ofa 
common trait such that the paired ipsative and normative measures have compa- 
rable loadings on a common factor. 


THEORY TESTING RESEARCH 


There are a number of personality scales Cat have been developed within the 
framework of a general theory as to the nature of the construct which scores on 
the scale were designed to measure. Perhaps the most familiar example is the 
Taylor Manifest Anxiety (MA) scale. Eysenck’s Extraversion-Introversion (E), 
Byrnes’ Repression-Sensitization (RS), and Rotter’s Locus of Control (LC) scales 
are other examples. 

Scales of the kind described above readily lend themselves to “theory testing 
research” in which a relevant hypothesis, presumably based on some aspect of 
the theory underlying the scale, can be tested.: The theory is often vague, but this 
is not necessarily a handicap. Theoretically irclined investigators are often able, 
with the aid of a vague theory, to deduce hypotheses that they believe to be rele- 
vant to the theory, whereas if the theory were more precise they might not be able 
to do so. In some cases the relevance of the hypothesis to the theory may be ap- 
parent only to the investigator who formulated the hypothesis. 

One of the simplest paradigms used in theory testing research is to obtain the 
correlation coefficient between scores on a scale and measures on some other 
variable that the theory dictates should be related to the scale scores. Alterna- 
tively, high and low scoring groups on the scele are selected and then the differ- 
ence between the means of the two groups on the second variable is tested for 
significance. 

In other cases, the high and low groups are administered the same treatment 
and then tested on a second variable. The thecry in this instance predicts that the 
high and low groups will react differentially io the same treatment, and conse- 
quently the means of the two groups on the second variable will differ. But it is 
obvious that in the absence of control groups who do not receive the treatment, 
no conclusions can be drawn about the influenze of the treatment itself. The mini- 
mum degree of sophistication in design would require that half of the low group 
be randomly assigned to a control and the other half to the treatment, and simi- 
larly with respect to the high group. In essence this design is a 2? factorial experi- 
ment in which the levels of one factor correspond to a personality variable and 


4 The distinction between theory testing research and construct validity (85) research 
is, we believe, subtle but important. The Psychopathic Deviate (Pd) scale of the MMPI 
was developed empirically and in the absence of eny theory regarding the nature of the 
trait. Subsequent research with the Pd scale has hed to do primarily with the meaning of 
high and low scores on the scale or, in other wo-ds, with the construct validity of the 
scale. Eysenck’s E scale, on the other hand, was developed within the framework ofa 
general theory regarding extraversion-introversion. When the E scale is used in research, 
it is usually the case that some hypothesis deducec from Eysenck’s theory is being tested. 
It is not the meaning of scores on the scale that is in question but rather the theory 
regarding the trait. 
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the levels of the other factor correspond to the presence or absence of a treatment. 
In these designs it is the interaction effect that is of primary interest. 

In our review of the literature we found 106 studies that we believed could be 
classified as examples of theory testing research. These studies are listed in a sup- 
plementary bibliography on deposit with the National Auxiliary Publications 
Service (see footnote, p. 241). Of these 106 studies 19 involved the E scale, 39 
involved the LC scale, 14 involved the MA scale, and 34 involved the RS scale. 
We examined each of these studies to determine whether the theory was con- 
firmed or supported or whether it was not. In some cases the results were doubtful 
in that the investigators claimed only partial support for the theory investigated. 
Table 1 shows the number of studies in which the outcome supported or con- 
firmed, partially supported or confirmed, or failed to support or confirm the 
theory. 

One of the major flaws in many behavioral science experiments is the failure 
of the investigator to give consideration to the power of a test of significance in 
relation to the magnitude of a theoretical effect, the variability of the measure- 
ments, and the number of subjects needed for reasonable protection against Type 
I errors. As a result, the outcome of a study may fail to confirm a hypothesis that 
would have been confirmed had the number of subjects been larger. Some un- 
known percentage of those studies listed in the Not Confirmed or ? columns of 
Table 1 might be moved to the Confirmed column had the number of subjects in 
the study been larger. Working against this, of course, is the well-known fact that 
single studies in which a hypothesis is confirmed need to be replicated and that 
frequently in the replication the outcome fails to reconfirm the hypothesis. Thus 
some unknown percentage of the studies listed in the Confirmed column of Table 
1 would undoubtedly be moved to the Not Confirmed column upon replication 
of the experiment. In the face of these unknowns, we conclude that perhaps about 
50 percent of the published studies concerned with theory testing research involv- 
ing the E, LC, MA, and RS scales are successful in confirming the hypotheses they 
set out to test. 

Now if a hypothesis is deduced from a theory, it should presumably have a 
better than 50 percent chance of being confirmed if tested, provided of course 


TABLE 1. Ovrcomes or 106 Tueory Testine RESEARCH STUDIES 





Hypotheses 
Scale Number of Studies 
Confirmed ? Not Confirmed 

E 9 2 8 19 
LC 19 6 14 39 
MA 4 4 6 14 
RS 10 6 18 34 

18 46 106 


Total all scales 42 
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that the theory is correct and that the hypothesis is, in fact, relevant to the theory. 
We suggest that the success rate of the published studies reviewed is such that the 
theories underlying these personality dimersions are only partially correct or 
else the hypotheses tested were in many cases irrelevant to the theory. 

In theory testing research, even when Ce outcome of a study supports or 
confirms the theory, this result alone cannot be regarded as supporting the par- 
ticular theory which supposedly underlies the scale. To paraphrase Fiske & 
Pearson (151, p. 57): When the RS scale is Lighly correlated with the MA scale, 
and both scales are highly correlated with the SD scale, conceptual distinctions 
no longer exist in any meaningful sense, Tkeory testing research when using a 
scale on which scores can be equated with three different interpretations seems 
impossible. 

When an investigator engages in theory testing research he is obviously 
placing a high degree of confidence in the theory and also in the relevance of his 
hypothesis to the theory. There is an alternat-ve to theory testing research, as it is 
customarily practiced, that we believe may. Je more promising in the long run. 
Instead of classifying subjects into high and low groups on a single scale and then 
observing the performance of these subjects on another variable, it would be 
possible to classify the subjects into high amd low groups on the basis of their 
performance. In this instance, one could investigate not only the single theoretical 
scale, but also a number of other potentially relevant scales. An example of this 
kind of research is the study by Wiggins, Wisgins & Conger (436) in which male 
subjects were classified into a number of diferent groups on the basis of their 
preferences regarding female body types. It was then found that these preferences 
were related in a meaningful way to a number of different personality traits. 

The design described above can easily be extended to the case where a treat- 
ment is involved. Subjects could be random divided into a control group that 
does not receive the treatment and an experimental group that does. The perfor- 
mance of both groups of subjects would then be observed on some variable of 
interest. These performance scores could then be used to assign subjects to high 
and low groups. One could then not only investigate the differences in the means 
of these various groups on the theoretical scele of interest, but also on other per- 
sonality scales which may be relevant to the performance of the subjects. Granted 
that if a large number of personality traits arz involved, some may, by chance, be 
expected to relate to performance. The remedy to this problem, of course, is 
replication of the research. 

In her analysis of 226 substantive articles sublished in the 1968 volumes of the 
Journal of Personality and the Journal of Personality and Social Psychology, 
Carlson (57) concluded that “not a single published study attempted even mini- 
mal inquiry into the organization of personality variables within the individual” 
(p. 209). Obviously, as long as research workers continue to confine their investi- 
gations to single traits, as is currently the case, it will be impossible for them to 
give any consideration to the possible influence and interactions of other traits 
with the particular trait they have chosen tc investigate. 
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INTRODUCTION 


Although the experimental analysis of sleep is a relatively new endeavor, ques- 
tions concerning the nature of sleep, its physiological basis, and its adaptive sig- 
nificance now challenge investigators from nearly every discipline of the be- 
havioral and biological sciences. During the past 20 years, the rate of scientific 
publication on sleep in man and animals, on its neural and biochemical sub- 
strates, on alterations of sleep by aging, drugs, and illness, on the relation of sleep 
states to mental activity, and on the behavioral and physiological effects of loss of 
sleep has risen from a few articles per year to more than 60 articles a month. The 
remarkable growth of this enterprise was stimulated on the one hand by signifi- 
cant advances in physiological and behavioral technology which began in the 
1950s, and on the other by several landmark discoveries which occurred in that 
decade. Among these was the demonstration by Aserinsky & Kleitman (7, 9) and 
by Dement & Kleitman (40) that the periodic occurrence of vigorous conjugate 
ocular activity in the presence of electroencephalographic (EEG) desynchrony is 
associated in humans with vivid, visual, hallucinatory dreams. This, and the im- 
mediate confirmation by Dement (35) of similar periodic bioelectric patterns in 
the cat encouraged the view that sleep was not simply a periodic state of rest ac- 
companied by reduced contact with the external environment. 

Prior to these discoveries, slow cortical activity had been considered the prin- 
cipal EEG index of sleep (e.g. 74, 173). With the work of Kleitman’s group and 
the extraordinary series of studies by Jouvet and his colleagues (89), it became 
clear that EEG slow waves were not invariable symptoms of sleep, for in humans 
the low-voltage, variable frequency EEG of the new state resembled that found 
in relaxed waking or drowsiness, and in cats the pattern was indistinguishable 
from the fast, desynchronized activity found during peak alertness. Furthermore, 
these early experiments by Jouvet and co-workers indicated that in cats the slow- 
wave manifestations of orthodox sleep depended on the integrity of the telen- 
cephalon, whereas the new stage, accompanied by rapid EEG patterns, was 
triggered by structures of the rhombencephalon. Thus it rapidly became clear 
that sleep was composed of at least two qualitatively different states controlled 
by different neural systems. 
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Jouvet suggested that the two states be labeled telencephalic and rhomben- 
cephalic sleep. A great many other names have been recommended for the latter 
stage of sleep: REM (for the rapid eye movenents), paradoxical sleep (for reasons 
that will become evident), dreaming sleep. the D state, emergent stage 1, fast 
sleep, active sleep, light sleep, and deep sleep. Following the terminology recom- 
mended in the recent sleep-scoring manual by Rechtschaffen & Kales (169), we 
will refer to this phase as REM sleep or stege REM. Orthodox slow-wave sleep 
has also been given many labels. When referring to that siage as a composite 
single category, we will use the term non-REM (NREM) sleep. 

The finding that sleep is characterized ty periodic alternation of at least two 
entirely different physiological states had p-ofound significance for theories con- 
cerning the physiological basis of sleep. Since the speculative hypotheses of the 

-ancient Greek philosophers and physicians (see 105, 135 for reviews), theories 
about the biological mechanisms of sleep have been either neural or humoral. In 
the neural hypotheses, sleep was viewed either as a passive phenomenon, the 
absence of waking, or as an active event resulting from inhibition of the struc- 
tures responsible for waking. The passive view, which has become known as the 
theory of deafferentation (135), served for wears as a powerful guide to investiga- 
tion of the neural mechanisms of sleep. It will be noted that for advocates ofthat 
view the principal problem is to identify the neural structures and functions which 
are responsible for waking rather than sleep and to explicate how and why their 
activity is periodically depressed to a level such that waking cannot be sustained. 
Proponents of the alternative view, that sleep is an active state resulting from in- 
hibition of the waking system, were encouraged by the elegant work of von Eco- 
nomo (45). His anatomico-clinical investigations of encephalitis lethargica con- 

. vinced him that there existed a sleep-procucing center extending caudally from 
the region of the third ventricle to the aqueduct which could exert an inhibitory 
influence on the cerebral cortex. Since thos? studies and the classic electrical brain 

- stimulation experiments of W., R. Hess (72), a considerable body of evidence has 
developed that there exists in the brain of nammals a widely dispersed system of 
structures which can actively induce and sustain the electrical and behavioral 
phenomena of sleep (see 177). 

Probably all contemporary investigatcrs agree that there are mechanisms in 
the brain capable of active induction of certain physiological and behavioral 
symptoms of sleep. There is disagreement, however, as to whether these mechan- 
isms are either necessary or sufficient explanations of the states of sleep and 
whether the symptoms they control are fundamental or superficial manifestations 
of the sleeping process. Many scientists in the field, including the present re- 
viewers, are convinced that both passive and active neural processes are involved 
in sleep, but that, at least in their simp:er forms, the two concepts taken to- 
gether may not be sufficient to explain the astounding complexity of sleep pro- 
cesses. As was pointed out earlier, prior t> the 1950s the two alternative hypoth- 
eses were competing explanations of a single phenomenon, the periodic oc- 
currence of behavioral quiescence accompanied by EEG slow activity. As data 
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develop on the phenomenology of sleep states, it-becomes increasingly clear that 
sleep is not simply a resting state, waxing and waning near the lower pole of a 
continuum of vigilance. Instead, sleep appears to be an extremely complex, con- 
stantly changing, but cyclic succession of psychophysiological patterns, qualita- 
tively rather than quantitatively different from those of waking. As will be seen 
in this review, the symptoms of both REM and NREM sleep in mammals repre- 
sent alterations in sensory, motor, autonomic, and central nervous system func- 
tions which must require reorganization of the entire brain. 

Although the techniques and concepts of neurophysiology continue to provide 
most powerful tools for the analysis and explanation of sleep mechanisms, it 
seems certain that in the next decade humoral theories will have their day. The 
relatively long time course of the states of sleep, the regular ultradian cycle which 
organizes their occurrence, and the persistence of their response to pharmaco- 
logical, neurological, or psychological perturbation all recommend neurochemis- 
try as the basic science of sleep. Nevertheless, the examination of biochemical 
substrates of sleep states in man and animals has just begun. Studies to be re- 
viewed here which have implications for the chemistries of sleep are correlative 
rather than causative in their conception. 

Despite the extraordinary research effort expended on the states of sleep over 
the past 20 years, we have very little evidence concerning their adaptive signifi- 
cance as biological processes. Investigators of the decade of the 1950s were 
reasonably confident that the application of traditional physiological principles 
would provide clues to the biological role of sleep. Thus, detailed analysis of struc- 
tures and their relations often generates viable concepts about the biological 
functions of a phenomenon, especially when the results of such analysis are com- 
pared with the effects of deprivation of the organ or system (39). The reader will 
find that in the case of sleep neither analysis of its physiological substrates nor 
specific deprivation of its stages has provided a basis either for rejection or en- 
thusiastic acceptance of any of the theories of function in the current literature. 
On the other hand, something has been learned about the physiological mecha- 
nisms for the induction, maintenance, and termination of the states of sleep. 

There are several recent books which contain comprehensive analyses of sleep 
phenomena as well as reviews of early and contemporary research and discussions 
of neural and humoral mechanisms of sleep (see 2, 55, 64, 96, 102, 105, 107, 147, 
202, 214). The following review articles are also representative (36, 39, 90, 91, 
138, 209), 

After summarizing our knowledge on peripheral and central phenomena of 
the states of sleep, this review examines evidence for their neural and biochemical 
substrates and discusses the current status of passive and active theories of sleep. 
There follows a very brief discussion of several contemporary hypotheses about 
the adaptive significance of REM and NREM sleep. The review treats inade- 
quately several important areas of sleep research, including drugs and sleep, dis- 
orders of sleep, the psychology of sleep and dreams, the behavioral and physio- 
logical effects of total sleep deprivation, and the significance of altered sleep pat- 


282 WILLIAMS, HOLLOWAY & GRIFFITHS 


terns for medical illness and psychopathclogy. The reader interested in these 
areas will want to consult the following books and reviews On drugs and sleep, 
see Kales (96) and Oswald (148); for disorders of sleep, see Oswald (149), Gastaut 
et al (55), Kales & Tan (97); for more extended analysis of research on sleep in 
infants and on the effects of aging, see Lerard (112), Dreyfus-Brisac (44), Fein- 
berg (50); books by Foulkes (54), Jones (€7), Hall (60), Kramer (110), Murray 
(141), and a review by Fisher (52) examine the psychology of sleep and dreams; 
the behavioral and physiological alteratiors caused by selective and total sleep 
deprivation are discussed by Johnson (85), Webb (203, 204), and Luby & Gottlieb 
(119); for sleep and psychopathology, see Snyder (190), Hartmann (66), and 
Zarcone & Dement (220). 

In 1968, the Brain Information Service >f UCLA began monthly publication 
of the Sleep Bulletin, which contains up-tc-date citations of much of the world 
literature on sleep physiology and psychoplysiology. Recently the citations in the 
Bulletin have been supplemented by analyt_cal reviews of research reports in the 
current scientific literature. About 100 sleep reviews per year are contributed by 
members of the Association for the Psychcphysiological Study of Sleep (APSS), 
the international organization of sleep reseerchers which was established in 1960. 


PHENOMENA OF SLEEP 
Tue Human ELEcTRCENCEPHALOGRAM 


Systematic analysis of the physiology of sleep began with the discovery of the 
EEG by Berger in 1929 (15), but the first standards for classification of the stages of 
sleep and waking were set forth by Loomis and his collaborators (31, 118). They 
found that sleep in humans is associated with a series of EEG states which they 
labeled A through E for their order of occurrence after sleep onset and for their 
ordinal relation to threshold for behavioral arousal. Stage A, characterized by in- 
termittent loss of the alpha rhythm of quiet waking (8-12 Hz), and stages D and E 
with their slow (0.6-1.5 Hz) high-voltage delta waves, were described as the 
“lightest” and “deepest” states of sleep, respectively. The Loomis et al classifica- 
tion was used by most investigators until Aserinsky & Kleitman (7, 9) discovered 
the periodic state of REM sleep. In 1957, Dement & Kleitman showed that 
arousal thresholds in this phase were higner than for the period shortly after 
sleep onset. Further, they found that when awakened from stage REM, their sub- 
jects reported vivid dreams, such reports being rare in other sleep states. These 
investigators then proposed a classificaticn in which there were five stages of 
sleep. The Loomis et al stages A through E were collapsed to stages 1 (intermittent 
alpha activity) through 4 (high-voltage delta), during which rapid eye movements 
were absent. They are referred to collectitely as non-REM (NREM) sleep. To 
this classification was added the fifth stage REM. The Dement-Kleitman system 
for classifying the stages of sleep in humans is now in wide use and is the basis for 
the Rechtschaffen-Kales manual on sleep terminology, scoring, and techniques 
published in 1968 (169). 

During a normal night of sleep in adult humans, the first REM episode occurs 
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from 40 to 80 min after sleep onset, and the subsequent REM-to-REM cycles 
recur every 90-100 min, with decreasing amounts of stage 4 and increasing REM- 
period durations. The first episode of stage REM may persist no more than 2 to 
5 min and is sometimes skipped altogether, whereas the late-occurring epochs 
may last for as long as 30 to 60 min. Typically, REM and slow-wave (SW) sleep 
(stages 3 and 4 summed) each occupy about 20% of the total night of sleep. In 
normal adult mammals, NREM sleep always precedes REM sleep. Since the 
work of Dement & Kleitman, these general characteristics of the sleep cycle have 
been confirmed by a host of investigators (e.g. 11, 94, 213). 


DEPTH or SLEEP AND AROUSAL THRESHOLDS 


An important reason for using the EEG as a fundamental measure of sleep in 
mammals is that it correlates reasonably well with behavioral criteria of waking 
and sleep. It is a particularly sensitive indicator of sleep onset, and as Loomis et al 
(118) first showed, thresholds for behavioral arousal and the likelihood of orga- 
nized behavioral patterns are generally decreasing functions of the amplitude and 
period of background EEG rhythms. This is what led to the notion that the sleep 
stages from 1 through 4 are on a continuum of “depth.” However, as the proper- 
ties of stage REM were revealed, the concept “depth of sleep” became difficult to 
sustain. In this stage of emergent stage 1, thresholds for awakening are higher 
than for stage 1 at the onset of sleep (40, 211) and there is extreme loss of postural 
tone. Yet there are signs of intense cortical and autonomic activation. More than 
for other stages of sleep, behavioral response thresholds in stage REM appear to 
be a function of the meaning of stimuli presented to the subject (212). Dement & 
Kleitman classified stage REM as an intermediate stage somewhere between 
waking and stage 2, but because it proved difficult in cats to provoke behavioral 
arousal from stage REM by direct electrical stimulation of the brain stem reticular 
formation (e.g. 14), and because blood pressure and heart rate fell in the cat dur- 
ing this state, animal researchers labeled stage REM “deep” sleep. This led to un- 
fortunate differences in terminology between investigators of animals and hu- 
mans. 

In general, with neutral stimuli such as clicks, flashes, peripheral electric 
shocks and the like, the intensity required to arouse the sleeping organism is 
higher than that required for reliable responding during waking. This well-known 
fact could be taken as evidence that in sleep the thresholds of sensory transducers 
are raised or conduction in afferent pathways is diminished. Many investigators, 
recording sensory evoked responses with gross and microelectrodes, have in- 
vestigated the status of the afferent pathways during sleep (see 107, 108 for re- 
views). These studies, along with evidence that conditioned motor responses can 
be elicited during sleep (24, 212) and the common observation that meaningful 
or novel stimuli can arose the organism from any stage of sleep, indicate that the 
information-handling capacity of the sensory systems is probably not impaired 
during sleep. Thus the failure to arouse the sleeping organism by sensory stimuli 
whose intensity is above waking sensation thresholds requires some other in- 
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terpretation. Koella (107) pointed out that the “arousal value” of stimuli depends 
on their quality as well as their strength. For =xample, weak stimuli that are novel 
or unexpected (e.g. the offset of a continuous sound) or have biological adaptive 
significance (e.g. the smell of fresh meat to tre sleeping cat) may cause immediate 
awakening. Koella suggested, therefore, Cat during sleep, sensory analyzer 
mechanisms in the brain remain operative sd that incoming signals can be cate- 
gorized as “important” or “unimportant.” With the former decision, messages are 
dispatched to the brain stem activating mezhanisms to produce arousal; if the 
latter, sleep is allowed to continue. Studies in humans by Oswald et al (151), 
Zung & Wilson (221), and Williams et al (712), showing that discriminative re- 
sponses can occur during sleep, support this notion. Nevertheless, an elegant 
series of studies by Pompeiano’s group (159) has elaborated central mechanisms 
in the cat which by active downstream inkibition do alter sensory conduction 
during the REM stage. 

One important problem with the concep: of depth of sleep is that there is ap- 
parently no general index for such a dimension. Williams et al (211) found that in 
humans responsiveness varies not only according to stage of sleep, but with time 
of night, the nature of the arousing stimulus, and the index of responding. For 
example, vasomotor responsiveness to neutral acoustic stimuli showed a different 
pattern across stages of sleep and time of n ght than behavioral or EEG respon- 
_ siveness. These diverse facts are probably responsible for the conflicting findings 
on arousal thresholds reported by Pisano et al (155), Rechtschaffen et al (168), 
and Williams et al (211). It appears that the notion of depth of sleep as an ex- 
planatory concept should be abandoned. 


PSYCHOPHYSIOLOGY 


In general, the physiological characteristics of sleep are similar across mam- 
malian forms (191). Long periods of relative immobility are accompanied by a 
number of common physiological changes, and nearly all mammals show periodic 
shifts from NREM to REM sleep, accompanied by a change from slow EEG pat- 
terns to fast EEG patterns, and by a shift from relative ocular quiescence to 
vigorous ocular mobility. 


Autonomic system.—Since the discovery of REM sleep in man, nearly every 
physiological variable which can be recorded from the surface of the body has 
been measured during sleep. Most of these measures show distinct and character- 
istic changes during REM sleep, comparec to their levels or patterns during the 
NREM stages. In humans, average blood pressure, heart rate, and respiration 
rate decline after the onset of NREM sleep, reaching rather low and stable levels 
about 2 hr after sleep onset (184, 192). Transient peripheral vasodilation (a sign 
of relaxation) occurs at sleep onset, then zlso tends to stabilize at slightly lower 
levels during the NREM states (210, 211). With the onset of REM, average levels 
of these cardiorespiratory measures change toward activation. Much more diag- 
nostic of the REM phase, however, is the marked increase in their moment-to- 
moment variability (103, 192). These fluctuations are systematically associated 


PHYSIOLOGICAL PSYCHOLOGY: SLEEP 285 


with the bursts ofrapid eye movements (8). In cats, heart rate and blood pressure 
show a small decline with NREM sleep and a precipitous drop, accompanied by 
increased irregularity, during stage REM (26). 

Blood flow in the cerebral cortex of cats shows no systematic change from 
waking during NREM sleep, but increases dramatically during stage REM, 
apparently because of autonomically modulated vasodilation (101). In cats and 
rabbits, this latter change is accompanied by increased brain temperature (100, 
167). A preliminary report by Reite & Pegram (171) indicates that in primates, 
cerebral blood flow may also show an increase during the REM state, but accom- 
panied by decreased brain temperature. 

As is well known, the urinary and rectal sphincters are contracted during sleep, 
a sign of high tonus in at least one part of the sympathetic nervous system. Con- 
versely, the pupillary constriction found during sleep is a function of both de- 
creased sympathetic tone and increased parasympathetic output (183). The pupil 
tends to remain in extreme tonic miosis during stage REM (89) but may show 
abrupt dilation during intense bursts of eye movements; Berlucchi et al (19) found 
that these phasic changes were not eliminated by preganglionic cervical sympa- 
thectomy and concluded that they were probably due to phasic inhibition of para- 
sympathetic processes. 

In 1944, Ohlmeyer et al (145) reported that penile erection averaging about 25 
min in duration occurred about every 85 min during sleep. Several recent studies 
confirmed this observation and showed that the erection cycle is concordant with 
the REM-sleep cycle (e.g. 53, 98). Because of the temporal distribution of stage 
REM through the night, with longer periods in the early morning, it is common 
for morning awakening to terminate a REM episode. It now appears that the 
well-known erection with morning awakening depends on the neural properties 
of stage REM rather than on bladder distension, as was previously supposed. 

In humans, basal skin resistance increases after the onset of NREM sleep and 
was first reported to show a further increase during stage REM (68). However, a 
recent study by Tart (196) failed to confirm the latter observation. Surprisingly, 
spontaneous fluctuations in skin resistance and skin potential (nonspecific GSRs 
and SPRs) are very frequent during NREM sleep and virtually absent during 
stage REM (6, 86). Thus autonomic measures such as fluctuations in skin con- 
ductance and cardiac rate, which during waking tend to covary with arousal, be- 
come dissociated during sleep. 


Skeletal system.—Although general muscular relaxation in humans usually 
precedes and accompanies NREM sleep, electromyographic recordings show that 
tonic muscle potentials are not entirely abolished during this phase (16). Further, 
despite early evidence to the contrary (e.g. 111), spinal reflexes can be demon- 
strated during NREM sleep (79), Similarly, the presence of the Babinski reflex in 
humans (see 105, p. 16), the curled-up sleeping positions in cat and dog, and the 
standing positions of birds and horses are manifestations during the NREM 
states of tonic activity in the skeletal-motor system. 

During REM sleep, in the presence of signs of intense activation in structures 
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of the central and autonomic nervous systers, the body becomes profoundly re- 
laxed, loss of muscle tone in the neck of the zat and the jaw region of man being 
complete (16, 88). Such findings account for the designation, paradoxical sleep. 
It is now understood that this is a true paralysis induced by tonic inhibitory influ- 
ences on motor output. Several studies by Pompeiano and co-workers (101, 161) 
demonstrated active tonic suppression of motor reflexes in cats, while Hodes & 
Dement (79) found suppression of the H-reflex in humans. The state of tonic inhi- 
bition during the REM state is probably identical with that found during the 
cataplectic attack (41). Superimposed, howe~er, on this background of inhibition 
are twitches and tremors of the face and the-extremities which are closely associ- 
ated with the bursts of rapid eye movements and with the phasic autonomic ir- 
regularities described above (11). 


CENTRAL PROCESSES 


When electrical potentials are recorded from depth electrodes, the onset of 
NREM sleep in cats is marked by the emergeace of slow waves in the deeper layers 
of the frontal cortex (usually layer 4). As sleep develops this slow activity spreads, 
first to more superficial layers of the frontal cortex, then to the remainder of the 
cortical mantle, then to diencephalon and the mesencephalic reticular formation 
(109). According to Kogan (109), undercutting the cerebral cortex, thus destroy- 
ing ascending pathways, does not halt the initial propagation of slow waves 
across the cortex, whereas cross-cutting the cortex, destroying intracortical path- 
ways, does. The fact that the electrical sigrs of sleep emerge first in the cortex, 
whence they are apparently propagated to deeper structures, suggests that the 
intact cortex may be necessary for the occur-ence of NREM sleep. Indeed, Jouvet 
and his colleagues (89) found that during the survival period of neodecorticate 
cats (up to 3 months) there was a permanert absence of spindles and slow waves 
in subcortical structures. On the other hand, all of the symptoms of stage REM 
continued to appear with astonishing regu_arity. Taken together, the studies of 
Jouvet and those of Kogan suggest that NREM sleep may be actively induced by 
structures in the cerebral cortex. As will be seen, although there are mechanisms 
available in the brain for such corticifugal control, the notion has not been thor- 
oughly investigated. The more popular view is that subcortical structures are re- 
sponsible for triggering the synchronization phenomena found at the cortex. 

Recording the activity of single neuronsin the brain with microelectrodes had 
considerable import for theories about certral mechanisms of sleep because no 
sleeping neurons were found. Creutzfeldt & Jung (30), studying single units in the 
motor cortex of the encephale isolé cat, found that concomitant with the onset of 
NREM sleep the regular and nearly continuous spike activity shifted to a periodic 
burst pattern with periods of silence between the bursts. This grouping pattern 
was most pronounced in fast or medium frequency neurons (average firing rate, 5 
or more per second), and identical burst patterns were found in sets of neighbor- 
ing neurons. The average discharge frequency for fast or intermediate sets de- 
creased slightly with sleep onset, and increased again with arousal, whereas the 
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mean for slow units increased during sleep. Similar results were reported by Li 
(114) in somatosensory cortex, by Saito et al (181) in suprasylvian and sensory 
cortex, and by Murata & Kameda (140) for auditory, visual, and motor cortex, 
the latter in unanesthetized, freely moving cats. Evarts and colleagues (e.g. 47, 
48), studying chronically prepared cats and monkeys and recording from cortex 
and brain stem, also found that the average discharge frequency occurring with 
the transition from waking to sleep depends on the initial discharge rate. Further, 
they confirmed the finding that units which discharged at a fairly regular rate dur- 
ing restful waking fired in bursts with intervening silent intervals during sleep. 

During REM sleep in cats, the central activity recorded from gross electrodes 
suggests intense arousal. The same fast, desynchronized activity found at the 
cortex also occurs in diencephalic and mesencephalic reticular formation, whereas 
the hippocampus emits a very regular slow theta rhythm (about 6 Hz) identical to 
that seen with arousal (90). Out of this background of tonic activity there emerges 
an intermittent burst pattern of large, fast spikes which originate in the pons from 
which they are apparently propagated to the lateral geniculate nucleus, the occipi- 
tal cortex, and other brain areas (90). These ponto-geniculo-occipital (PGO) 
spikes are usually coincident with the other phasic phenomena, the eye move- 
ments, muscle twitches, and autonomic irregularities of stage REM. They are 
probably identical to the spikes which follow eye movements in the waking state. 
A series of studies by Dement and his colleagues (summarized in 39) indicate that 
these phasic electrical events may have fundamental significance for our under- 
standing of the functional properties of the REM state. 

Single unit recordings with depth microelectrodes in the cat confirm the view 
that during stage REM the brain is in a state of intense excitement. Groups of 
neurons throughout the brain now show integrated burst patterns with very high 
discharge rates, the bursts being separated by long pauses (see, 4, 49, 157). 
Arduini et al (4), Evarts (48), and Marchiafava & Pompeiano (127) found a 
dramatic acceleration of pyramidal] tract discharges during stage REM in the cat 
which are associated with and probably account for the phasic muscular twitches. 
These episodic, high-frequency burst patterns resemble phenomena found in con- 
vulsive states, and there are other features of REM which indicate that the cortex 
is in a state of heightened excitability. For example, during the REM state, 
peripheral motor responses increase with direct stimulation of the cortex (80), as 
do the electrical discharges elicited by local applications of strychnine to the cor- 
tex (146). Further, several investigators have reported enhanced cortical responses 
during stage REM to stimulation of specific afferent pathways or cortical sites 
(90). 

It will be recalled that along with the peripheral and central phasic phe- 
nomena, a most salient tonic feature of REM sleep is the suppression of both 
electromyogram (EMG) potentials and muscle reflexes. How can the organism 
remain relatively quiet in the presence of intense activation throughout the brain? 
An answer comes from the work of Pompeiano and his collaborators (summarized 
in 158). They found that during stage REM, both monosynaptic and polysynaptic 
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reflexes were greatly reduced or abolished and that complete transection of the 
spinal cord eliminated these inhibitory effects. They showed further that both the 
marked decrease in postural tone and the dramatic reduction of spinal reflexes 
depend on active inhibitory processes originating in the brain stem. 

The review given above of our knowledge of the phenomena of sleep states is 
cursory. Yet perhaps it is sufficient to indicate that the NREM and REM states 
are characterized by changes of activity in all physiological functions so far 
studied—that the states of sleep represent umique patterns of activity in many 
functional units rather than simple reductior of activity in all systems. 


SLEEP PHYLOGENY AND ONTOGENY 


Periodic episodes of behavioral quiescence probably occur in all animals, but 
the EEG manifestations of behavioral sleep found in mammals, birds, and some 
reptiles do not appear in all vertebrates. Hobson (78) and Lucas et al (120) failed 
to find EEG sleep in the frog or salamander, and Peyrethon (153) reported that in 
fish (teleosts) cerebral activity showed no variation between states of activity and 
immobility. 

Stage REM is found in nearly all mammals, including chimpanzee, monkey, 
porpoise, cat, dog, rat, rabbit, mouse, pig, gu_nea pig, sheep, goat, and bat (see 21, 
129, 191). However, despite its regular occurrence in the sleep of a primitive mam- 
mal, the opossum (189), its presence in moze ancient forms remains uncertain. 
Allison & Goff (3) found no signs of stage REM in one of the oldest living mam- 
mals, the spiny anteater. Newly hatched ckickens when behaviorally quiescent 
have a low-voltage EEG accompanied by ocular activity (58), whereas adult birds 
show periods of sleep which, though equivalent to stage REM, last only a few 
seconds (104). Transient episodes of nonconjugate ocular activity on a slow EEG 
background were observed in chameleons 1197). Recently, Peyrethon (153) re- 
ported EEG signs of REM sleep in the caiman (crocodile) but not in iguana or 
python. He concluded that during the course of evolution, REM sleep first ap- 
pears in the crocodile. Note, however, that Jouvet and his colleagues (90) found 
no stage REM in another reptile, the turtle, and Hobson (78) saw no REM (or 
NREM) sleep in the frog, an amphibian. 

There is some but not very systemati> evidence that animals with many 
natural predators (e.g. herbivores) have less REM than the predatory carnivores. 
Hartmann (67) suggests that animals which are preyed upon may not be able to 
afford the complete loss of muscle tone and raised arousal threshold which char- 
acterize this state. Berger (17) brought some order to comparative data by show- 
ing that the percentage of REM sleep is apparently related to the amount of bi- 
nocularly coordinated eye movement possessed by each species. On the basis of 
this and other data, he suggests that REM sleep may be functionally involved in 
the establishment and maintenance of the coordinated eye movements which are 
necessary for depth perception. 

The rate of occurrence of the REM state, defined by the period of the REM- 
to-REM cycle, also varies between species. The longest REM-to-REM cycles 
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have been found in the elephant (over 100 min) and man (90-100 min) and the 
shortest (about 7 min) in the mouse. Apparently the frequency of occurrence of 
REM periods is a function of the basal metabolic rates of the species. Weiss & 
Roldan (207) compared the length of the REM cycle in three of the rodents— 
rabbit, rat, and mouse—and found that the frequency of REM episodes increased 
as body weight (and probably metabolic rate) decreased (see 18). 

Studies of ontogeny do support the view that stage REM is a primitive bio- 
logical phenomenon. The very young of a species usually spend far more time in 
stage REM than the adult (see 191). For example, at birth the kitten shows only 
two states of activity: waking and stage REM. Further, unlike the adult cat, the 
kitten passes directly from waking to stage REM without transition through 
NREM states. Shortly after birth the NREM EEG emerges, and the two states 
reach adult levels at about 8 weeks (90). The proportion of stage REM found at 
birth seems to be an inverse function of the maturity of the nervous system at term. 
For example, sleep patterns in the neonate guinea pig, which is born with a fully 
developed brain, are nearly identical to those of the adult animal (90). 

Newborn humans spend about 50% of their daily sleep time (around 18 hr) 
in stage REM, and premature infants (e.g. 43) may spend as much as 75% of their 
sleep time in the REM state. It is not certain, however, when the REM state first 
appears in the developing fetus. In previable prematures from 24-27 weeks gesta- 
tional age, Dreyfus-Brisac (44) found only atypical EEG patterns which could not 
be classified as REM, NREM, or waking. Using EEG criteria, REM and NREM 
sleep were distinguished at about 29 weeks, but the full constellation of REM 
symptoms rarely appeared prior to the 34th week (see 112 for a review). These 
data on neonates and prematures indicate that stage REM is a very primitive 
stage, ontogenetically, and that it may develop prior to NREM sleep. 

Kleitman (105, 106) has suggested that the periodic alterations seen in activity 
of species at or below the reptilian level which do not manifest the usual EEG 
signs of sleep and waking represent a basic “rest-activity cycle” which involves a 
more primitive level of neural organization than that mediating the sleep-waking 
cycle. Sterman & Clemente (194) argue that such a rest-activity cycle is probably 
mediated by brain stem structures and is most clearly represented in mammals 
by the REM-NREM cycle. Sterman & Hoppenbrouwers (195) in fact present 
evidence that adult EEG sleep-waking rhythm is absent in the human fetus and 
only poorly organized in the human newborn. These authors concluded that the 
dominant rhythm found early in life is the more primitive rest-activity cycle. 


NEURAL MECHANISMS OF WAKING AND SLEEP 


As was mentioned earlier, one of the classic issues in theories and research on 
sleep mechanisms has been the relative role of passive versus active neural pro- 
cesses for the induction and maintenance of sleep. 

Since mechanisms essential for maintenance of wakefulness have a critical role 
in theories which view sleep as a passive defacilitation process, they will be re- 
viewed first. The status of the passive position will then be examined in light of 
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evidence suggesting that active neural processes contribute to sleep onset. Finally, 
studies relating to the mechanisms, organization, and sequencing of NREM and 
REM patterns of sleep will be examined. 


WAKEFULNESS 


Although normal waking functions depewd upon the integrity of the entire 
brain, certain subcortical areas have a critical role in sustaining the behavioral and 
EEG manifestations of waking. In 1929, von Economo noted that patients suffer- 
ing from encephalitis lethargica had lesions of the posterior hypothalamus, tuberal 
region, and adjacent portions of the striatum. Ranson & Ingram (165) found 
similar profound drowsiness in cats with lesioas located between the mammillary 
bodies and the rostral fibers of the third nerve. Later, Ranson (164) showed that 
lesions of the lateral hypothalamus extending to the caudal border of the mam- 
millary bodies were most effective in produc:ng lethargy in monkeys. These re- 
sults were subsequently confirmed in the ral (144) and cat (166). Ranson in- 
terpreted his results as indicating that lesions of a “waking center” eliminated 
downstream hypothalamic drive influences (174). Nauta (143), however, while 
agreeing that maximal impairment of waking eccurred with lesions in and around 
the mammillary bodies, concluded that the waking center was an ascending sys- 
tem whose origins lay caudal to that region in the midbrain tegmentum. Thus, 
lesions which interrupted such fiber systems as the median forebrain bundle 
interfered with the relay of impulses from moze caudal regions of the brain stem 
to the lateral hypothalamus, anterior nucleus of the thalamus, and septal region. 
This notion of an ascending waking system was of course greatly strengthened by 
the earlier findings of Bremer (22), who descr.bed animals with an intracollicular 
midbrain transection (cerveau isolé preparation) as displaying permanent signs 
of sleep. 

In 1949, Moruzzi & Magoun provided the first clear evidence that the brain 
stem recticular formation, an ascending fiber system independent of the classical 
sensory pathways, may function as the primary center for wakefulness. They 
found that high-frequency stimulation throughout this structure reproduced all 
of the electrographic signs of arousal and also blocked the synchronous recruiting 
responses elicited by stimulation of midline thalamic areas. Subsequently, lesions 
of the midbrain reticular nuclei in either chroric (116) or acute (115) preparations 
were found to produce a comatose behavioral state similar to that seen in the 
cerveau isolé animal. 

Ascending impulses from the tonically active midbrain reticular system, 
modulated by a complex array of sensory mputs and cortico-reticulo-cortical 
loops, were thought to provide the essential facilitative effects on cortex and other 
brain structures necessary for the waking state. Even very recently there are re- 
ports that repeated midbrain reticular stimulation can maintain wakefulness for 
periods up to two weeks (82). 

A critical issue for those advocating the rostral reticular formation as the 
wakefulness center was the role of sensory irput in maintaining reticular tonus. 
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In a low cerveau isolé preparation, where transection is below the collicular level 
and visual inputs are still intact, the EEG is characterized by alternating periods 
of cortical spindles and desynchronized activity but with no sign of ocular wak- 
ing, i.e. dilated pupils (179). When visual input is eliminated by occluding the 
retinal blood supply, the EEG in this preparation reverts to the spindle and slow- 
wave pattern seen in the high or precollicular cerveau isolé. The second classical 
preparation of Bremer (22), the encephale isolé, where the brain stem is isolated 
from the cervical spinal cord, apparently displays normal sleep-waking EEG 
rhythms, but with prolonged epochs of cortical desynchrony following sensory 
stimulation. However, when care is taken to remove trigeminal] and other sensory 
inputs, the animal displays chronic cortical and ocular signs of sleep (see 198). 
From these latter studies it appeared possible that the principal function of the 
midbrain reticular formation was merely to mediate the magnitude of sensory 
barrages, particularly nociceptive input from the trigeminal. However, Batini et al 
(13) discovered that cats with a transection just rostral to the trigeminal nerve (the 
midpontine pretrigeminal preparation) reverted to alternating periods of cortical 
synchrony and desynchrony as well as prolonged periods of cortical desynchrony 
in response to visual stimulation. Neither suppression of the retinal dark dis- 
charge (5) nor deafferentation of visual and olfactory inputs (12) significantly dis- 
turbed the alternations between cortical synchrony and desynchrony. It will be re- 
called that the high cerveau isolé preparation of Bremer shows only chronic sleep 
patterns. These results not only ruled out sensory input as essential for producing 
cortical desynchrony, but also suggested that, in addition to the midbrain reticular 
formation, there existed a second activating system located in the rostral pons. 
Moruzzi (136) tentatively identified this active structure as the nucleus reticularis 
pontis oralis (NRPO). 

There is other evidence that challenges the hypothesis that the reticular forma- 
tion of the mesencephalon is uniquely responsible for wakefulness. For example, 
Adametz (1) found that, given sufficient time for recovery, two-stage lesions large 
enough to produce coma had no effect on the sleep-waking cycle. Such recovery 
of wakefulness after lesions of the midbrain reticular core strongly suggests that 
there are other brain regions which can provide the tonic barrage of facilitatory 
impulses thought necessary to sustain wakefulness. Furthermore, high-frequency 
stimulation of portions of the thalamus, amygdala, and cerebral cortex also elicits 
electrographic signs of arousal. Although this may occur via centrifugal pathways 
to the midbrain (201), Routtenberg (180) suggested that such centrifugal arousal 
effects may be mediated by the reticular system of the rostral pons, i.e. the 
NRPO. 

Further complicating the case for the midbrain reticular system is the fact that 
dissociation of cortical and behavioral arousal effects can occur with lesions of the 
posterior hypothalamus (51). Such lesions produce a behaviorally comatose ani- 
mal which can still display cortical desynchronization to peripheral stimuli. 
Nauta (144) has described extensive reciprocal connections between the posterior 
hypothalamus and the midbrain reticular formation. Gellhorn (56) presents a 
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compelling argument for parallelism betweea the cortical activation effects as- 
cending from the midbrain and the downstream discharge from the posterior 
hypothalamus which results in increased mescle tonus and sympathetic activa- 
tion. Routtenberg (180) also discusses possib.e mechanisms governing the inter- 
action between hypothalamic and midbrain waking systems. 

The anatomical pathways mediating the cortical activating effects of the mid- 
brain reticular formation appear to course veatrally in the diencephalon through 
the subthalamus and hypothalamus, largek bypassing the thalamic reticular 
nucleus (186). Fibers within this ventral bune may be differentiated at a neuro- 
pharmacological level. There is extensive evitence of an ascending noradrenergic 
pathway, coursing ventrally through the hroothalamus from the rostral brain 
stem, which is involved in arousal and onset or maintenance of waking (see 27). 
However, Herndndez-Péon (70).and Stermam & Clemente (193) also report the 
existence of a cholinergic arousal system which may be related to the ventrally 
ascending cholinergic system described by Stute & Lewis (188). 

Yn summary, the brain stem reticular formation is probably not the only struc- 
ture that mediates phenomena associated witt wakefulness, nor can it be assumed 
to uniformly facilitate or activate other bran processes (see discussions in 23, 
180, 196). The rostral pontine and midbrair reticular formation do have crucial 
roles in the control of cortical rhythms both. 3y direct reticulo-cortical activation 
and by modulating the nonspecific thalamic recruiting system. However, portions 
of the posterior hypothalamus appear to ir-eract with midbrain reticular areas 
and perhaps have a major role in promoting the levels of muscle tonus and 
sympathetic activity which characterize we<efulness. As we shall see shortly, 
sleep, like wakefulness, is not a unitary stat= of consciousness for it involves the 
integrity of many more brain areas than these of the rostral brain stem. 


SLEEP ONSET 


Our review of the phenomenology of slee> supports the notion that the transi- 
tion from waking to sleep represents a drar-atic shift in patterning or organiza- 
tion of most somatic, autonomic, and CNS processes. Such changes in the various 
functional units may be brought about by pessive defacilitation, by disinhibition 
and resulting activation, or by active inhibitzon of the various brain mechanisms 
governing sleep and waking. Kleitman (105] argued that sleep onset is a passive 
phenomenon in that maintenance of wakef_Iness is governed by the magnitude 
of afferent input to the CNS. Thus reduction.sf afferent input beyond some critical 
level results in sleep onset. Initial support far this point of view came from the 
classic experiment of Bremer (22) in which :ransection of the brain stem at the 
midcollicular level (cerveau isolé preparation, permitting only olfactory and optic 
inputs to reach the forebrain, produced bot cortical EEG and autonomic signs 
of sleep. A later formulation of the passive -heory of sleep onset came from the 
discovery of the arousal properties of the Brain stem reticular formation (116, 
139). According to this version of the passe theory, a reduction of afferent in- 
puts to this system leads to sleep onset. The zentral problem for advocates of the 
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passive view is the existence of certain mechanisms in the brain which actively 
induce sleep or sleep-like states. 


Active brain stem mechanisms. —The persistence of cortical desynchrony in the 
midpontine pretrigeminal preparation (13) suggested that a synchronizing mech- 
anism located in the caudal pons may act to inhibit the rostral brain stem struc- 
tures which mediate cortical desynchrony. A series of studies (28, 177) showed 
that hemisections in the rostral pons and midbrain produced asymmetrical corti- 
cal spindles (greater initial synchrony on the side ipsilateral to the lesion) during 
sleep and asymmetrical desynchrony (greater desynchrony on the side ipsilateral 
to the lesion) during waking. Such asymmetrical cortical rhythms were not ob- 
served in animals with hemisections in the caudal pons or rostral medulla. These 
results suggested that a synchronizing structure was located near the medullary- 
pontine junction. Magni et al (123) examined pharmacologically the role of this 
lower brain stem synchronizing mechanism, showing that intravenous injections 
of a barbiturate normally produced cortical synchronization, but that limiting 
the distribution of the drug to the lower brain stem produced a desynchronized 
EEG. Presumably, such selective depression of synchronizing structures in the 
lower brain stem releases the rostral reticular formation from some tonic inhibi- 
tory influence. Rossi (176) cites evidence that this pontine cortical synchronizing 
region is chronically active, whereas medullary synchronizing regions are phasic- 
ally active. While the interaction of these brain stem synchronizing regions with 
the activating portion of the midbrain reticular formation are exceedingly com- 
plex, there are indications that the facilitation of cortical EEG synchrony pro- 
duced by the pontine region is largely due to inhibition of the midbrain reticular 
formation, whereas the medullary region near the nucleus of the solitary tract 
may act directly to trigger the thalamocortical synchronizing system (20). Syn- 
chronization of the EEG which can be obtained by stimulation of the orbital 
cortex may be mediated by the medullary reticular formation which receives 
many fibers from that area (34). 

Many studies have demonstrated the depressor effects of the bulbar reticular 
formation on both motor activity and EEG (e.g. 34, 134). Dell (33) suggested that 
this bulbar inhibitory area is sensitive to both motor and autonomic changes of 
the body, that it can “accumulate” the inhibitory effects resulting from these 
changes, and that sleep results from an excessive accumulation of these effects. 
Dell’s theory contains both active and passive mechanisms in that where bulbar 
activity reaches a certain level, if nothing disturbs the resulting deactivation of the 
midbrain reticular formation, sleep ensues and is self-maintained. 

Finally, Jouvet (90) presents evidence for reticular deactivation via a system 
of midline serotonergic neurons (the raphe nucleus) extending from the medulla 
to the caudal mesencephalon. Jouvet argues that this system of ascending fibers is 
responsible for the triggering of events leading to NREM sleep. However, Harper 
& McGinty (61) have presented data showing that cells (presumably serotonergic) 
within the raphe nucleus display a decrease in firing during NREM sleep relative 
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to waking and an even greater decrease in firirg during REM sleep. These authors 
suggest that serotonergic raphe cells may participate in constraining activities 
which interfere with sleep, thus playing a role Dn its onset but not its maintenance. 


Active thalamic and cortical mechanisms.—In 1942, a group of thalamic nuclei 
(collectively called the “nonspecific thalamic 1uclei” and including the intralami- 
nar, midline, reticular, and certain other nuclei) were found to have a powerful 
synchronizing influence on cortical rhythms. (42, 133). Generally, the so-called 
thalamic recruiting response can be elicited br low-frequency stimulation of these 
thalamic nuclei or of even the midbrain reticular nuclei (198). The dorsal limb of 
the ascending group of brain stem reticular fbers invades the midline and intra- 
laminar nuclei of the thalamus. Several studies now suggest that corticopetal 
projections from the nonspecific thalamic nuclei are mediated by the ventral an- 
terior thalamic nucleus (185, 186, 206). Among the cortical regions which appear 
to be an important target for fibers from the nonspecific thalamic system is the 
orbital cortex, which has been found to have powerful inhibitory effects on motor 
and autonomic function (95) and which is thought to inhibit certain reflexes via 
its connections with other inhibitory areas o? the lower brain stem (182). 

A number of investigators have implicated the nonspecific projection system 
in both cortical depression and sleep mechanisms (124). Hess (73) found that low- 
frequency stimulation of a midline thalamic area near the massa intermedia 
elicited sleep-like behavioral states in cats, iccluding many presomnolent activi- 
ties. Replications of these findings confirmed a striking similarity between the 
behavioral and EEG properties of natural sten and the state produced by elec- 
trical stimulation of the medial thalamus end other parts of the nonspecific 
thalamic system (108, 193). 

Several investigators regard the medial thalamic region as an integrative cen- 
ter for sleep processes. Koella (107, 108) sees sleep mechanisms as organized in a 
hierarchical fashion with a sleep center proper controlling several subordinate 
structures which mediate the various symptoras of sleep. The supraordinate struc- 
tures are the intralaminar and other thalamic nuclei of the nonspecific projection 
system, whose activation produces not only kong periods of behavioral sleep but 
also organizes presomnolent behaviors condırive to relaxation and to a reduction 
in sensory input to the CNS. The basal forebrain structures, including the anterior 
hypothalamus, are viewed as part of the subcrdinate sleep controlling apparatus, 
perhaps organizing autonomic and skeletal muscle tone. The medullary and 
pontine inhibitory structures would participate in sleep induction via removal of 
tonic inhibition transmitted from more rostral areas of the brain. 

Virtually all active brain mechanisms alleged to participate in sleep onset do 
so, at least in part, by reducing activity in -hose neural regions (e.g. midbrain 
reticular formation) critical for the maintenance of waking. However, one of the 
most perplexing findings for the reticular hypothesis of waking and sleep has been 
that the average firing rates of most neurons >f the cortex and brain stem are not 
markedly reduced during sleep (48). Instead, most units show high-frequency 
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burst patterns and, during REM sleep, very high discharge rates. Evarts (48) has 
proposed an interesting hypothesis concerning the role of certain cortical neurons 
in the sleep induction process. He suggests that during waking cortical cells can- 
not fire faster than some maximum rate because of the action of cortical inhibi- 
tory neurons similar to the Renshaw cells of the spinal cord. Strychnine, a drug 
which blocks the inhibitory action of spinal Renshaw cells to produce high rates 
of motor neuron discharge, also causes high discharge rates in single cortical 
neurons when applied to the cortex. In view of the similarity of burst patterns 
found in sleep and with application of strychnine to the cortex, Evarts suggests 
that the firing patterns of cortical cells during sleep may result from defacilitation 
of some cortical analog of the Renshaw cell. Moruzzi (137) extends certain as- 
“pects of this hypothesis, suggesting that during waking cortical interneurons are 
involved in the mediation of “plastic” events (such as learning, attention, or 
vigilance) and that they require relatively long periods of quiescence to recover 
from these activities. It is difficult to see how such a mechanism could account for 
all the array of sleep phenomena unless it were somehow operative at all levels of 
neural organization. Unfortunately, Renshaw-like interneurons, if they do exist 
above the spinal level, would be exceedingly difficult to isolate with currently 
available microelectrodes. 


Active basal forebrain mechanisms.—Perhaps the earliest systematic studies of 
structures capable of influencing sleep onset concerned the anterior hypothalamus 
and other basal forebrain structures whose functions were considered antagonistic 
to those of the posterior hypothalamic and midbrain reticular waking mecha- 
nisms. Generally, lesions of the anterior hypothalamic area caused insomnia, 
whereas posterior hypothalamic damage resulted in hypersomnia (45, 143). Re- 
cent studies confirming increased waking after anterior lesions have been exten- 
sive (see 193). Lesions of the rostral preoptic area and basal portion of the 
diagonal band of Broca also resulted in increased waking and decreased sleeping 
times (122). Moreover, lesions in many of the forebrain areas thought to be essen- 
tia] for the normal expression of sleep also impaired response inhibition and pro- 
duced behavioral excitability (72, 128). However, in cats, where lesions of basal 
forebrain structures produced a fragmented sleep-waking cycle, the basic rest- 
activity cycle as determined by recurrent REM epochs and performance appar- 
ently remained intact (194), 

Electrical stimulation studies provide data complementary to the results of the 
lesion studies (193, 194). Stimulation of preoptic and adjacent forebrain areas 
with a wide range of frequencies can induce sleep or sleep-like states after only 
brief delays. These basal forebrain regions apparently represent one of the few 
brain loci from which both EEG synchrony and behavioral sleep can be induced 
with high-frequency stimulation. It is in part on the basis of the latter finding that 
Sterman & Clemente (193, 194) assert that the basal forebrain and not other di- 
encephalic structures (as argued by Koella) are the principal organizers of brain 
processes at sleep onset. Even animals highly motivated by aversive or appetitive 
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conditioning procedures become drowsy or show signs of behavioral sleep when 
stimulated in a variety of basal forebrain structures (193). Not only is instrumen- 
tal performance suppressed with such stimulation but so are brain stem and spinal 
reflexes, presumably by forebrain-induced postsynaptic inhibition. 

Injections of acetylcholine, eserine, or cerbachol into the preoptic region and 
other portions of the basal forebrain generally have been found to induce a kind 
of somnolent state resembling sleep (70, 193), although there is at least one study 
in which liquid carbachol produced arousal (121). At least two other substances 
injected into the preoptic area produced EEG synchronization and behavioral 
sleep: serotonin (219) and progesterone (75). Apparently, however, intermixed 
with basal forebrain neurons involved in slep induction are neurons mediating 
behavioral and EEG activation since norepinephrine injected into the caudal 
preoptic region causes these latter effects (71, 219). On the basis of existing data, 
both serotonin and acetylcholine in forebrain regions appear to induce sleep 
phenomena, whereas norepinephrine as well as certain cholinergic compounds 
induce some aspects of arousal. Possibly aa extrapolation of the Burn & Rand 
hypothesis (25) that cholinomimetics act tc promote the release of other neural 
transmitters would account for these effezts. In such a case, basal forebrain 
arousal effects might be mediated by norepinephrine and sleep-induction effects 
by serotonin. 

Finally, studies on thermal stimulation cf the basal forebrain region show that 
cooling of the anterior hypothalamus produces significant activation of the animal 
(142), while warming of this area causes re.axation, drowsiness, and sleep (175). 
DeArmond & Fusco (32) found that sleep brought about by warming of the pre- 
optic area was accompanied by a reductiom in spontaneous and elicited activity 
in the midbrain reticular formation. Such data argue for a direct or indirect in- 
hibition of midbrain reticular processes by activity initiated in the basal forebrain. 
On the latter point, Harper & McGinty (61) found that preoptic cells which dis- 
played an irregular, slow pattern of firing during waking showed a marked in- 
crease in discharge rate at the occasion of sleep onset. Once sleep spindles oc- 
curred, these cells returned to their preslee> firing patterns. 

Sterman & Clemente (194) suggest that basal forebrain structures organize 
and integrate most of the central manifestations which characterize the shift from 
waking to sleep. This region becomes specifically active at the onset of sleep and 
acts via its projections to thalamus, midbrain, and lower brain stem regions to 
terminate or reduce ongoing behaviors, eicit resting postures, reduce cortico- 
petal discharge, and block afferent volleys. 

Finally, how do thalamic and other forebrain structures interact with brain 
stem structures in the production of sleep? Pompeiano & Swett (160) found that 
EEG synchronization and often behaviorel sleep could be induced by low-fre- 
quency stimulation of cutaneous fibers, which ascend in the spinoreticular tract 
and which synchronize activity in the nuckeus reticularis gigantocellularis (164). 
Afferents from the latter bulbar structure lixe those from the solitary tract (which 
also produces stimulation-elicited EEG synchrony) are known to innervate the 
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nonspecific thalamic nuclei (23). Furthermore, as mentioned earlier, the EEG 
synchronization induced by stimulation of the orbital cortex may be mediated by 
medullary structures (34), Thus, forebrain as well as peripheral influences on cer- 
tain manifestations of sleep may depend in part on bulbar inhibitory structures 
which in turn play upon nonspecific thalamic nuclei. 

Jouvet (90) maintains that an ascending system of serotonergic fibers originat- 
ing in the brain stem raphe nucleus is responsible for triggering the onset of 
cortical features of NREM sleep and presumably sleep onset. However, Sterman 
& Clemente (194) cite evidence for a reciprocal organization between the dorsal 
raphe nuclei and the basal forebrain region in which feedback modulation of the 
serotonergic raphe system is mediated by descending elements from the basal fore- 
brain. Dement (37) also maintains that serotonergic systems act to constrain wak- 
ing behaviors which normally interfere with sleep. The relative extent to which the 
basal forebrain structures directly suppress waking mechanisms in the midbrain 
or do so indirectly by activating bulbar inhibitory processes is still unclear (see 
117). 

It should be evident that in the attempts to integrate the various facts concern- 
ing the participation of neural structures in the transition from waking to sleep, no 
theory to date is completely satisfactory. Part of the problem derives from the 
likelihood that there is not a single brain system whose activity or function is not 
altered in some fashion with the onset of sleep. Furthermore, it is becoming in- 
creasingly clear that the character of such change may often be qualitative and 
subtle, e.g. a shift in the patterning of unit firing, a shift in the dominance of one 
system over another, etc. Both active and passive mechanisms participate in the 
induction of sleep, although it now appears that some so-called active mechan- 
isms may participate by the damping of activities which interfere with sleep as well 
as by direct inhibition of the reticulo-cortical waking system. 


MECHANISMS RESPONSIBLE FOR VARIOUS STAGES OF SLEEP 


Most investigators have attempted to account for those neural processes 
underlying the two most prominent patterns of sleep activity—REM and NREM 
sleep—and generally have concluded that these two types of sleep are qualita- 
tively different. In this section we will briefly review mechanisms responsible for 
REM sleep and for the processes governing alternations between REM and 
NREM sleep. 


NREM mechanisms.—Statements concerning mechanisms for sleep onset 
generally are also applicable to NREM sleep. That is, the most prominent electro- 
graphic signs of sleep onset are the emergence of cortical slow waves and spindles 
which characterize NREM sleep. There is evidence, however, that the mechan- 
isms which mediate slow waves and spindles are not identical. For example, 
Jouvet (90) cites studies showing that the thalamus is essential for the occurrence 
of cortical spindles but not for cortical slow waves. When the entire cortex is re- 
moved, synchronized activity in subcortical structures is abolished (89). However, 
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if only a small portion of the orbital gyrus is left undamaged in subtotally de- 
corticated cats, reticular slow waves still appear. The replication of this finding by 
Velasco & Lindsley (200) strengthens the notion that the orbital cortex may play 
a crucial role in subcortical synchronization during slow-wave sleep. 


REM mechanisms.—Most of the recent studies of REM mechanisms can be 
divided into those examining tonic features of the REM state such as muscle 
atonia and cortical desynchrony and those addressed to phasic features of REM 
such as rapid eye movements, autonomic irregularities, and PGO spikes. Jouvet 
(89) showed that structures essential for the periodic manifestations of the be- 
havioral and EEG signs of REM sleep were located in the pons. Although 
destruction of the nucleus centralis superior de Betcherew and of the medial part 
of the NRPO and nucleus reticularis pontis caudalis (NRPC) did not affect either 
state of sleep, lesions of caudal aspects of the NRPO and of the rostral portion of 
the NRPC suppressed REM sleep in cats. Acute pontile preparations with hypo- 
thalamic islands continue to show alteraticns between “waking” and periods of 
muscle atonia similar to those of REM sleep without any signs of an intermediate 
(i.e. NREM) sleep stage (92). 

Bilateral lesions of the dorsal part of the medio-lateral pons, including the 
locus coeruleus and zones immediately medal and ventral to it, reduced the tonic 
muscle atonia of REM without affecting the phasic occurrence of PGO spikes 
(92). Dement (38) has suggested that the activation of cortical and pyramidal sys- 
tems seen during REM sleep involves an elaboration of motor output which is 
normally inhibited by mechanisms located in the locus coeruleus. Lesions of the 
locus coeruleus produced phasic, fully produced, fully organized behavior patterns 
during which the animal seemed oblivious to environmental stimuli. It is not cer- 
tain which structures interact with the Jocus coeruleus in the supraspinal, inhibi- 
tory control of muscle tonus during REM, >ut bulbar structures are probably in- 
volved. The locus coeruleus and areas ventral to it are rich in noradrenergic neu- 
rons (76), which may be part of the diffuse mesencephalic pathways that mediate 
tonic cortical activation during REM, and bf the ascending pathway through the 
septum which mediates the hippocampal theta rhythms also found tonically during 
REM episodes. 

The medial and descending vestibular nuclei are probably essential for most 
of the phasic inhibitory and active events seen during REM sleep (159). Descend- 
ing phasic influences are mediated via the dorsolateral funiculi of the spinal cord. 
Pompeiano and co-workers (159) conducted an elegant set of experiments detail- 
ing the nature and mechanisms of reflex inkibition and of altered sensory conduc- 
tion during both the tonic and phasic aspec’s of REM. While lesions of the medial 
and descending vestibular nuclei abolished bursts of rapid eye movements as well 
as the phasic increases in pyramidal discharge and related muscular contractions, 
tonic signs of REM sleep, cortical desynchrony, and muscular atonia were intact. 

Thus the medio-lateral pons and relatec structures appear to contain many of 
the effector mechanisms responsible for tke production of the complex array of 
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electrographic and behavioral signs characterizing stage REM. Jouvet (91) as- 
serts that stimulation of the NRPC may precipitate a REM episode but that the 
occurrence of a stimulation-elicited REM epoch is contingent on certain bio- 
chemical factors related to the state of serotonergic and noradrenergic neurons. 
For Jouvet (91), the NRPC also plays a crucial role in the development of cortical 
desynchrony during REM. Jouvet & Michel (93) suggested that fibers from this 
pontine region project to cortical areas via a “limbic midbrain” route. Rossi et al 
(178), however, found that extensive lesions of these pathways did not disrupt 
cortical desynchrony during REM. Phasic phenomena such as PGO spikes ap- 
pear to be part of an ascending system dependent upon the integrity of the’ NRPC 
(77). 

Problematic for Jouvet’s pontine REM sleep center is the finding that virtually 
all pontine structures must be eliminated in order to prevent the appearance of 
the desynchronized REM sleep pattern at the cortex (see discussion in 107). More- 
over, where Jouvet sees the pontine mechanisms as primary in the triggering of 
REM episodes, other investigators (105, 188, 195) assert that other forebrain 
mechanisms can modulate the pontine mechanisms. Not only are certain periph- 
eral features of REM sleep altered by removal of forebrain structures (82), but 
both mono- and polysynaptic reflexes which are normally depressed during REM 
sleep are tonically facilitated by removal of forebrain structures (84). 

In summary, the electrical manifestations of REM sleep are both exceedingly 
complex and qualitatively different from wakefulness and NREM sleep. Mechan- 
isms in the pons appear to be essential for both the tonic and phasic ascending 
activity which produces the cortical desynchrony and intense unit firing seen in 
the hypothalamus and pyramidal system and the more transitory phenomena such 
as PGO spikes. This intense activation is prevented from expressing itself in tonic 
motor activity by bulbar inhibitory mechanisms also triggered by pontine activity. 
All of these brain systems may be modulated by activity in forebrain structures. 


Mechanisms governing the REM-NREM or rest-activity cycle-—The processes 
which mediate the alternation between REM and NREM sleep are not yet under- 
stood. Jouvet (90) argued that the regular periodicity of REM signs in pontine 
preparations implies the existence of an autonomous regulating system at the 
level of the pons which governs the ultradian cycle of REM periods. He (91) 
hypothesized dual sleep centers, a NREM system located in the serotonergic neu- 
rons of the raphe nuclei, and a “three-key” neurochemical system located in and 
near the locus coeruleus of the pons. Jouvet’s position will be discussed later in 
this review. 

Several other investigators have suggested dualistic theories for the alternation 
between REM and NREM sleep (46, 56, 219). Yamaguchi and his co-workers 
suggest that a balance between adrenergic arousing and serotonergic/cholinergic 
sleep-inducing neurons in subcortical areas of the brain account for shifts in the 
patterns of sleep symptoms. Ephron & Carrington (46) proposed a homeostatic 
theory wherein deepening NREM sleep reaching some preset level triggers a 
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tendency toward REM sleep and organismi activation. This latter notion is com- 
patible with the argument for forebrain modulation of REM episodes. It should 
be clear from this review that our current <nderstanding of the effector processes 
necessary for certain of the symptoms of steep is much more advanced than our 
understanding of the mechanisms governizg shifts from waking to sleep or from 
NREM to REM sleep. 


SLEEP NEUROCHEMISTRY 


Since short-term neuronal mechanisms, measured in milliseconds, are not 
compatible with the long-term circadian amd ultradian rhythmicity of sleep states, 
neurohumoral mechanisms have receivec increasing attention. The search for 
so-called “hypnogenic” substances is not new. More than 50 years ago it was 
demonstrated that nonfatigued recipient dogs could be made drowsy by intra- 
ventricular injection of cerebrospinal fluid (CSF) from fatigued dogs, whereas 
dogs receiving CSF from nonfatigued donars showed no such effects (154). More 
recently, however, although these results were replicated, their interpretation was 
questioned because changes in spinal fiuiz pressure and body temperature were 
found in the recipients (187). Monnier & Hosli (132) reported that venous dialy- 
sate from sleeping rabbits induced sleep im alert recipients while dialysate from an 
alert donor aroused a sleeping animal. These studies do suggest the presence of a 
“hypnogenic” substance in the CSF or Wood of sleeping animals, although its 
identity is not known. The fact that Siamese twins with a common circulatory 
system can have independent sleep-waking cycles (152) has been cited as evidence 
against the existence of humoral hypnogenic substances. However, as Kleitman 
(105) pointed out, the state of the nervous system would probably determine its 
response to circulating hypnogens. Thus one brain might be depressed to the 
point of vulnerability to the hypnogen w=ile the other was not. 

Though many naturally occurring central nervous system substances are cap- 
able of inducing sleep, recent research suggests that certain biogenic amines, par- 
ticularly serotonin (5-HT) and norepineparine (NE) are especially important for 
the induction and maintenance of the sages of sleep. These monoamines are 
found in high concentrations in the hypothalamus, midbrain, and brain stem, 
areas which are critical for the control C sleep. By means of fluorescent histo- 
chemical techniques, “mapping” of the chemical localization of 5-HT and NE in 
the brain bas been possible (76). Most serotonin-containing neurons are located 
within the midline raphe nuclei of the medulla, pons, and lower midbrain, Cells 
rich in norepinephrine are found somewkat more laterally, in the medullary and 
pontine reticular formation, a portion o= this latter system, the /ocus coeruleus, 
being particularly rich in NE. The terminels of these noradrenergic and serotoner- 
gic neurons are widely distributed througaout the brain stem, diencephalon, neo- 
cortex, and hypothalamus. Others are fc.ınd in the dorsal and ventral horns as 
well as the lateral columns of the spinal zord. The pineal gland also contains a 
high concentration of serotonin. 

Data are contradictory and opinions differ concerning which of these neuro- 
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humors is specifically associated with what stage of sleep. Attempts to elucidate 
their roles are necessarily indirect, since neither 5-HT nor NE passes the blood- 
brain barrier. Thus most investigators have relied on precursors of the biogenic 
amines which do cross into the brain or on pharmacological agents which modify 
the synthesis, transport, storage, or metabolism of the monoamines. Based on 
such studies, Jouvet (91) proposed a biochemical model of sleep control in which 
the occurrence of NREM sleep depends upon brain levels of 5-HT, while the 
induction of REM sleep depends on the combined action of a serotonin metabo- 
lite, norepinephrine and acetylcholine (ACh). 


NREM SLEEP MECHANISMS 


The hypothesis that NREM sleep is mediated by serotonergic processes is 
supported by brain lesion as well as pharmacological studies. For example, a state 
of behavioral and EEG insomnia occurs following destruction of 80-90% of the 
raphe system (91). A significant fall in cerebral serotonin also occurs following 
such lesions, while cerebral NE remains unchanged. Partial lesions of the raphe 
system result in more or less pronounced insomnia depending on their extent, and 
REM sleep occurs only if NREM exceeds 20% of a 24-hr record. Lesions which 
destroy less than 15% of the raphe system produce no significant changes in 
sleep. There is, therefore, a systematic relationship between the extent of destruc- 
tion of the raphe system, the associated decrease in cerebral 5-HT, and the degree 
of insomnia. Intracarotid injection of 5-HT itself produces a biphasic EEG pat- 
tern consisting of an initial 3-2 min arousal pattern followed by prolonged corti- 
cal hypersynchrony. An extra blood-brain barrier region of the fourth ventricle, 
the area postrema, is apparently involved, because its surgical destruction pre- 
vents the 5-HT effect (107). 

Since peripherally administered 5 HT crosses into the brain poorly, the 5-HT 
precursors, 5-hydroxytryptophan (5-HTP) and L-tryptophan have been employed 
to raise brain serotonin levels. The administration of 5-HTP by intravenous or 
intraperitoneal routes potentiates NREM sleep and suppresses stage REM in the 
cat (90). Similarly, moderate (around 7.5 g) doses of L-tryptophan, precursor of 
5-HTP, increase NREM sleep in man (59, 217). Reserpine, which interferes with 
storage of biogenic amines and depletes the brain of both 5-HT (156) and the 
catecholamines (83), causes prolonged insomnia in cats; NREM sleep recovers 
in about 2 days, while REM may be absent as long as 4 days. However, an injec- 
tion of 5-HTP in the reserpinized cat will immediately restore NREM sleep (91). 
Parachlorophenylalanine (PCPA), an inhibitor of the enzyme tryptophan hy- 
droxylase, blocks the synthesis of 5-HT, while leaving brain levels of the cate- 
cholamines relatively unaffected. PCPA produces insomnia in cats and rats, last- 
ing as long as 36 hr, which is followed by slow recovery of both stages of sleep. 
The decrease and recovery of NREM sleep parallels the decrease and recovery of 
cerebral serotonin (91). In monkeys, total sleep time is reduced following PCPA, 
but this is due primarily to a decrease in NREM rather than REM sleep (208). 
When 5-HTP is injected into PCPA-treated cats, NREM sleep is immediately 


302 WILLIAMS, HOLLOWAY & GRIFFITHS 


restored (90). Thus the bulk of evidence from both animals and humans supports 
the view that the induction and maintenence of NREM sleep are regulated by 
serotonin levels in the brain. There are data, however, which challenge this no- 
tion. Dement et al (39) found that with repeated doses of PCPA to cats, causing 
prolonged depletion of brain 5-HT, total -nsomnia was a transient phenomenon. 
Within a week, in the chronic PCPA animal, both NREM and REM sleep re- 
turned nearly to baseline levels. However, the PGO spikes associated with REM 
periods were now present throughout the 24-hr recording period, regardless of the 
background EEG state. Further, Wyatt’s 217) studies suggest that alterations in 
sleep produced by L-tryptophan may be associated with metabolic routes other 
than the 5-HT pathway. For example, L-tryptophan potentiated NREM sleep 
either in normal! or in PCPA-treated humens. Since for the latter group the path- 
way to serotonin was presumably blockec by inhibition of tryptophan hydroxyl- 
ase, the enhancement of NREM sleep must have resulted from some other 
metabolic process. Finally, the finding ty Harper & McGinty (61) that firing 
rates of single neurons in the raphe system are reduced during sleep may em- 
barrass Jouvet’s model. That is, assuming that these units are serotonergic, it 
appears that serotonin release is reduced rather than enhanced during the onset 
and course of NREM sleep. 


REM SLEEP MECHANISMS 


Several of the 5-HT precursor studies particularly in humans, appear to im- 
plicate serotonin in REM rather than, or -n addition to, NREM sleep. A number 
of experiments showed that 5-HTP giver orally or intravenously to humans in- 
creased REM sleep (125, 150, 218). Further, PCPA administered to patients with 
carcinoid syndrome depressed REM rather than NREM sleep, an effect which 
could be reversed with 5-HTP (218). L-tryntophan also alters REM sleep. Moder- 
ate doses (in the 7.5 g range) potentiate REM sleep in humans primarily by de- 
creasing REM onset latencies and accelerating REM periodicity (63, 150, 153). 
Hartmann (65) found a similar effect in rats where a tryptophan-free diet length- 
ened the period of REM-to-REM cycles, while a tryptophan-loaded diet in- 
creased the frequency of REM periods. Cn the whole, data from precursor-load- 
ing studies suggest that serotonergic processes are involved in the periodicity or 
triggering of REM, rather than in mechanisms controlling the duration of REM 
episodes. 

The results of loading experiments ae difficult to reconcile, however, with 
the consistent finding that reserpine, wh.ch reduces brain levels of the biogenic 
amines, also potentiates stage REM (29, 62, 81). Like the 5-HT precursors, 
reserpine accelerates the periodicity of stage REM and shortens the latency of 
initial REM onset. Coulter et al (29) saggested that reserpine and 5-HT pre- 
cursors may have one effect in common, Le, both enhance the synthesis and turn- 
over of 5-HT. Thus the rate of synthesis and turnover of 5-HT or one of its me- 
tabolites may influence the cyclic occurrence of REM episodes. Jouvet’s experi- 
ments with monoamine oxidase inhibitors (MAOD led him to postulate a similar 
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mechanism. Because the MAOIs, which in the cat specifically block the deamina- 
tion of 5-HT, are associated with rapid and complete inhibition of REM sleep, 
Jouvet suggested that the action of some deaminated catabolite of serotonin might 
be necessary for the cyclic occurrence of REM periods (91). Assuming that 5-HT 
is involved in the mechanisms for NREM sleep, the fact that REM sleep is com- 
monly preceded by NREM sleep is also consistent with this hypothesis. Although, 
as described, the findings with moderate doses of L-tryptophan support the idea 
that 5-HT synthesis and turnover accelerate the cyclic occurrence of REM epi- 
sodes, certain problems are presented by a recent report (59) that high doses (12 g) 
of L-tryptophan also increase REM, but by increasing the duration of REM 
episodes. In this context, it may be important to note that increasing doses of 
L-tryptophan in the rat do not increase brain 5-HT beyond a certain maximum 
level. However, higher doses do prolong the duration of peak levels (131). Pos- 
sibly the increased duration of REM episodes found with high doses of L-trypto- 
phan is related to this effect. 

As mentioned earlier, using evidence from neurophysiological, pharmaco- 
logical and histochemical studies, Jouvet (91) proposed a “‘three-key” mechanism 
for the induction of REM sleep. In this model, “priming” serotonergic centers in 
the raphe nuclei act through a deaminated metabolite of 5-HT on cholinergic sys- 
tems which then trigger the final noradrenergic mechanisms of stage REM, 
located in the Jocus coeruleus. 

In support of this view, Jouvet asserts that NREM sleep is a necessary condi- 
tion for the occurrence of stage REM, noting that the amount of REM sleep 
following either PCPA injection or partial destruction of the raphe system is 
closely related to brain levels of 5-HT. Further, surgical destruction of the NE- 
rich Jocus coeruleus in the cat’s brain stem does eliminate the tonic, though not 
the phasic, components of stage REM. In reserpinized cats with chronic insomnia, 
injection of the NE precursor dihydroxyphenylalanine (DOPA) restored REM 
sleep (91). In the rat, depletion of NE by alpha-methyl-p-tyrosine, which blocks 
catecholamine synthesis, resulted in increased NREM and decreased REM. These 
effects were reversed by intracerebral injections of NE (199). Chronic dietary 
depletion of the NE precursors phenylalanine and tyrosine in man (113) also re- 
duced stage REM, but this effect may have been due to distortions of protein 
synthesis resulting from deprivation of essential amino acids. 

The principal objection to claims for a role of NE in the mechanisms of REM 
is that NE or its precursors, when administered to intact animals or humans, 
produces arousal and tends to suppress stage REM (71, 216). In fact, on the basis 
of pharmacological studies, both Hartmann (67) and Wyatt (218) concluded that 
the relation between REM sleep and brain NE is actually the inverse of that pro- 
posed by Jouvet, higher levels of NE being accompanied by decreased REM 
sleep. 

There is also evidence that acetylcholine (ACh) has a role in the triggering of 
REM sleep. For example, injections of carbachol or ACh in the vicinity of the 
locus coeruleus trigger REM sleep in cats (57). Eserine facilitates REM sleep in 
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pontine cats (89) whereas atropine administered to intact cats suppresses stage 
REM (89). Hernandez-Peon (71) reported that the application of crystalline ACh 
to punctate regions of the medial forebrain bundle of cats produced a state re- 
sembling REM, a finding which was confirmed in both cats and rabbits by 
Karczmar et al (99). The latter investigators observed that if eserine was adminis- 
tered to the reserpinized (thus monoamine depleted) animal, an EEG and be- 
havioral syndrome emerged which was identical to REM sleep, with desynchron- 
ized EEG, hippocampal theta, PGO spiking, muscular atony, and frequent bursts 
of rapid eye movements. This effect was rapidly reversed by atropine, which re- 
turned the animal to the EEG synchrony and high EMG tonus of the reserpine 
syndrome. Hemicholinium-3 (HC-3) reduces subcortical (but not neocortical) 
ACh levels by blocking the active transport of choline needed for resynthesis of 
ACh. In cats, intraventricular HC-3 reduced the tonic but not the phasic aspects 
of REM (69). 

Apparently, there are no methods available currently which could confirm or 
disprove the specific order of chemical events proposed for the three-key model. 
Further, the mechanisms by which the :hree factors are linked are not known. 
However, it will be recalled that in another context, Burn & Rand (25) proposed 
a theory in which ACh acts as a releaser for the noradrenergic transmitter. There 
is some evidence in support of this not.on (99). There appears to be no direct 
evidence that a deaminated metabolite of 5-HT could serve as a priming mechan- 
ism for the release of ACh. On the basis of recent evidence from the labs of 
Sterman & Clemente, it has been suggested that during episodes of REM sleep, 
5-HT neuronal stores are replenished perhaps specifically within the raphe system 
which appears to be maximally inhibited during REM episodes (130). 


Tae CIRCADIAN SLEEE-WAKEFULNESS CYCLE 


Research on biological rhythms hes recently demonstrated the circadian 
rhymicity of certain biogenic amines, the 24-hr cycling of 5-HT, NE, and melatonin 
in the pineal gland being the best-known example (162, 215). The circadian period 
of melatonin is controlled by light on the retina by way of brain-stem connections 
to adrenergic systems, and mediated through sympathetic nerves to the pineal. 
Exposing the animal either to total darxness, continuous light, or blinding will 
abolish the 24-hr rhythms of both NE aad melatonin (10). In contrast, circadian 
rhythmicity of 5-HT is abolished only by continuous light (162). Norepinephrine 
circadian cycles have also been found in -he hypothalamus and spinal cord of cats 
and rats (126, 170), and a 24-hr serotonia cycle was found in the cerebrum of rats 
(163). Weitzman (208) cites a personal communication from D. J. Reis which 
highlights the complexity of findings in this area. Apparently, different brain re- 
gions in the cat are out of phase for the same biogenic amine. Thus for some brain 
regions (e.g. hypothalamus) NE may have ultradian (less than 24-hr) cycles, 
whereas in other areas in the same animal (e.g. brain stem) NE has a circadian 
rhythm. Whether the circadian and ultradian cycles of amine levels are linked to 
circadian sleep-wakefulness cycles or to ultradian REM periodicity is not known, 
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but future studies which correlate sleep physiology with biological rhythms will 
certainly enhance our understanding of the biochemical substrates of sleep. 

In summary, the examination of the biochemical mechanisms of sleep is in an 
early stage. One reason for this is that techniques for discrete microbiochemistry 
in living brains are still being developed, and current methods are not adequate to 
the task. The investigator must apply his substances directly to the brain, remove 
them from the brain by cutting out their tissue substrates, or manipulate them 
from a distance via precursors, synthesis blockers, and the like. Obviously none 
of these methods permits normal physiological functioning. Further, compounds 
used to modulate levels of the target substances usually affect other related sub- 
stances, or themselves have direct or indirect biological potency. As Resnick (172) 
pointed out, even PCPA, the present favorite of sleep researchers because of its 
“selective” depletion of 5-HT, has several drawbacks. For example, it inhibits 
phenylalanine hydroxylase as well as tryptophan hydroxylase. Though brain NE 
in the PCPA animal can still be synthesized from tyrosine, blood levels of phenyla- 
lanine increase, an effect which may alter protein synthesis in the brain. Such 
changes could affect the mechanisms controlling sleep. All things considered, it is 
remarkable that the crude techniques now available have worked to produce a 
fairly consistent body of data on the roles of the biogenic amines in sleep. 


ADAPTIVE SIGNIFICANCE OF SLEEP 
Functions or NREM SLErP 


Among the more venerable hypotheses about the adaptive significance of 
sleep, and one which seems straightforward, is that sleep is a period of recovery 
from the fatigue of waking activity. That is,{foroptimal recovery, neurons of the 
brain, like the skeletal muscles, require prolonged periods of inactivity each day. 
Prior to the discoveries of the last two decades, nearly all theorists, whether ad- 
vocating active or passive doctrines for sleep mechanisms, could agree that sleep 
consisted of a marked reduction of activity of body and brain, a period during 
which unknown processes of recovery presumably occurred. However, as pointed 
out in previous sections, no neuronal populations have been found whose be- 
havior during sleep resembles that of the fully relaxed muscle. Evarts, it will be 
recalled, suggested that the high-frequency burst patterns found in cortical neu- 
rons during sleep might result from prolonged defacilitation (i.e. rest) of some 
analog of the Renshaw cell. Extending this hypothesis, Moruzzi suggested that 
neuronal systems involved in higher nervous functions such as learning and 
memory might require long periods of rest. Presumably these would be small 
neurons or neuronal microstructures whose activities cannot be studied with tech- 
niques currently available. 

Studies of total and partial sleep deprivation have not contributed much to our 
understanding of the functions of sleep. The specific rebound effects which follow 
loss of NREM or REM sleep imply a biological need for each stage, but animals 
and humans can be put on short sleep rations for very long periods without 
notable effects on vital physiological functions (see 39, 85, 105). 
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One fact which challenges the recovery theory of sleep is the lack of positive 
relationship between amount of waking activity and amount of sleep. Webb (205) 
asserts that either for individual differences or species differences, there appears 
to be a negative correlation between amount of waking and amount of sleeping 
over the 24-hr circadian cycle. Further, even the rebound effects found with pro- 
longed sleep deprivation do not indicate anything like one-to-one makeup of the 
lost sleep (39, 211), The experimental analysis of sleep has not provided strong 
support for the notion that sleep is a process of recovery. 

Another theory, first advanced by Claparede, suggests that we sleep not be- 
cause we are intoxicated or exhausted but in order to prevent exhaustion (105, 
p. 349). Webb (205) proposed a similar hypothesis in a behavioral context. That 
is, sleep is an active process of behavioral immobility which aids in preventing 
nonadaptive, ineffective activity. “The behavior of organisms,” he asserts, “‘is 
carefully geared through evolution to optimal time periods for food gathering, 
protection from natural predators, symbiotic temperature, and moisture condi- 
tions and the like.” He then suggests that nonactivity may be equally effectively 
geared to the environment and to the capacities of the species such that nonre- 
sponding results in decreased danger, or decreased energy output, when energy 
expenditure would be minimally effective. Therefore, Webb believes that each 
species develops a circadian sleep-activity cycle which is adaptively keyed to its 
capacity and environment, thereby making optimal use of the conditions for its 
survival. As an ecological theory of circadian behavioral adaptation, Webb's 
hypothesis seems potentially capable of addressing such questions as why some 
species sleep at night and others during the day, why the correlation between 
amount of sleep and amount of wakefulness during 24 hr is negative, and how 
sleep-activity cycles are related to the broader field of biological rhythms. 


Functions or REM SLEEP 


Since the phenomenology and neural mechanisms of stage REM are qualita- 
tively different from those of NREM sleep, it is generally supposed that their 
functions are different. There are several biological theories of the function of 
REM sleep, each of which addresses different aspects of its phenomenology (.e. 
its contingent relation to NREM sleep, its high index in neonates or in species 
with binocular vision, its paradoxical physiological properties, or the effects of its 
deprivation). Thus it has been suggested that (a) REM sleep clears the brain of 
some product accumulated during NREM sleep; (6) it provides an endogenous 
source of stimulation to the developing brain of the neonate; (c) it innervates the 
brain in the specific service of depth perception; (d) it reorganizes neuronal firing 
patterns which have become disorganized during NREM sleep; (e) it serves an 
alerting function in preparation for mammalian flight or fight patterns; and (f) it 
provides a “safety valve” outlet for the discharge of drives which would other- 
wise discharge during waking. (For recent reviews of these and other hypotheses, 
see 38, 64, 87.) Hartmann (64) and Jones (87) point out that none of these hy- 
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potheses is necessarily incompatible with the others, and each may explain some 
of the diverse phenomena of stage REM. 

In conclusion, it is reasonable to predict that during the next decade there will 
emerge from the sleep laboratories a general explication of the neural and hu- 
moral mechanisms by which the states of sleep in mammals are initiated, sustained, 
and terminated—the how of sleep. Obviously this theory will influence the con- 
tent of more complete models which try to explain the biological functions of 
sleep—the why of sleep. However, the partial review given here indicates that the 
issues which challenge a complete explanatory theory are formidable. The 
theorist who would explain the adaptive significance of sleep encounters a syn- 
drome whose physiological and behavioral manifestations are nearly as diverse 
as those of waking. 
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The expansion of interest in attraction research is best shown by the positively 
accelerating curve of references in psychological and sociological journals. From 
the widely scattered correlational studies in the first half of this century to the 
somewhat more numerous experimental investigations of the 1950s and early 
1960s to the present deluge, attraction research shows no sign as yet of reaching 
asymptote. In preparing the first chapter on this topic for the Annual Review of 
Psychology, it became clear that a simple listing of only the directly relevant 
references would easily consume the total page allotment. In order to avoid that 
very tempting alternative, we have chosen as a primary focus the experimental 
work of the past 10 to 15 years which deals specifically with attraction. One un- 
fortunate result of such selectivity is the total omission or barest mention of 
several closely related areas of research. 

To obtain a more extensive view of the field, the reader is advised to examine 
recent reviews of areas such as impression formation (4), person perception (145), 
social perception (146), sociometric choice (105), ingratiation (84), marital success 
(73, 100), and social attraction in animals (96). More general reviews of attraction 
research have been provided by Aronson (6), Berscheid & Walster (13), Byrne 
(18, 19), and Taylor (147). In addition, two collections of original theoretical 
presentations edited by Huston (80) and by Murstein (118) constitute extremely 
useful and wide-ranging summaries of current work. A possible sign of the 
intensity of current interest is the proliferation of theoretical criticisms directed 
at one or more aspects of the work on attraction (8, 88, 101, 119, 158), often fol- 
lowed by a reply, rejoinder, or counterattack (20, 26, 31). 

Attraction research may be conceptualized as an effort to establish and explain 
the relationship between certain classes of antecedent events and certain classes of 
consequent events. The present review will be organized around four topical 
areas: (a) the types of responses defined as indicators of attraction; (b) the stimu- 
lus variables identified as antecedents of attraction; (ec) the consequences of 
attraction (i.e. behaviors mediated by attraction); and (d) theories which attempt 
to provide a general conceptual framework for the attraction process. 


1 The preparation of this manuscript was supported in part by Research Grant GS- 
2752 from the National Science Foundation to Donn Byrne and by Research Grant 
MH-16351-03 from the National Institute of Mental Health to William Griffitt. 
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MEASUREMENT OF ÄTTRACTION RESPONSES 


Interpersonal attraction is a construct referring primarily to an individual’s 
affective evaluation of another individual. At the operational level, attraction has 
been measured in many different ways by numerous investigators and sometimes 
in many ways even by the same investigator. 


Verbal measures.—The most widely used measurement technique relies on a 
simple scaling of verbal responses expressed in terms of ratings or judgments of 
the target person on one or more dimensions. On social distance measures, 
respondents indicate their willingness to engage in activities of varying degrees of 
social intimacy with a target person. These instruments are described by therr 
proponents (142, 151) as more personally involving than verbal rating scales 
which call for statements of evaluation and general liking. 

With sociometric techniques, subjects are asked to indicate their choices of 
individuals as friends, leaders, group members, and work partners. The histori- 
cally important role of this measurement technique, as well as an analysis of its 
advantages and disadvantages, has been provided by Lindzey & Byrne (105). 

When target persons are rated on bipolar scales of positive and negative 
adjective trait combinations, interpersonal evaluations are indicated by summed 
ratings across many scales or a series of ratings on individual scales (62, 83, 97, 98, 
122). Still other verbal indices utilized as measures of attraction include hetero- 
sexual dating preferences (12, 116, 153), roommate preferences (123, 139), the 
positiveness of adjectives generated to describe targets (3), affiliative choices 
(160), interview assessments of likability (7), as well as somewhat more elaborate 
measures of love (131) and friendship (157). 

The single measure of attraction used most frequently and about which the 
most extensive empirical data are available is the Interpersonal Judgment Scale 
(19). This instrument is a six-item Likert-type rating scale on which subjects 
evaluate target persons on seven-point dimensions of intelligence, knowledge of 
current events, morality, adjustment, likability, and desirability as a work partner. 
Scores on the latter two sociometrically oriented items are summed to yield an 
index of attraction with a split-half reliability of .85. This attraction measure has 
been found to be related to a number of other measures designed to assess attrac- 
tion such as: social distance scales; social choice; ratings of desirability as a date, 
sexual partner, and spouse; voluntary physical proximity; eye contact; the affec- 
tive dimension of the semantic differential scale; voting choices; and a number of 
additional verbal and nonverbal behaviors (19). 

Kiesler & Goldberg (90) factor analyzed a variety of response measures typi- 
cally utilized as measures of attraction and extracted two factors. The first, 
characterized as primarily socioemotional, included such variables as liking, 
desirability of the target’s inclusion in social clubs and parties, seating choices, 
and lunching together. The second factor included variables such as voting for, 
admiration and respect for, and seeking the opinion of the target. The latter factor 
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was conceptualized in terms of task orientation or respect for the target. In view 
of the variety of verbal measures of attraction which have been devised, such 
attempts to examine the generality of any given index or combination of indices 
constitutes a valuable contribution. 

Some investigators (6, 85, 86, 136) have questioned the use of measures of 
attraction which rely upon verbal assessments. There is concern that verbal mea- 
sures are highly susceptible to demand and bias effects due to the ease with which 
the response is recorded and the possibility that subjects attempt to hide their 
“true” feelings. Assuming that true feelings exist, that subjects are aware of them, 
and that subjects would rather reveal their feelings than be second-guessed by a 
machine, Jones & Sigall (86) propose the use of the bogus pipeline technique as a 
sensitive index of attraction. Briefly, the technique involves convincing subjects 
that the machine functions as a “pipeline to the soul” and then requiring them to 
estimate the meter readings which the machine is purportedly providing to the 
experimenter, Preliminary findings suggest that attraction as measured under 
bogus pipeline conditions differs from attraction as measured by the usual verbal 
response scales (85, 136). The suggestion that the bogus pipeline assesses “true” 
feelings is, however, questionable unless one views attraction as some real entity 
instead of simply as a useful construct. 


Nonverbal measures.—Several nonverbal behaviors have also been utilized as 
measures of attraction. Among the proposed indicants of attraction are visual 
contact (49, 51, 53); physical proximity (21, 29); bodily postures such as forward 
and backward lean, relaxation, and arm position (112); placement of silhouette 
figures in hypothetical social situations (102, 103, 106); and physiological re- 
sponses (44, 55). 

Among the few attempts to study the interrelationships among these non- 
verbal indices are studies of bodily and posture variations (112) and of the rela- 
tionship between visual contact and seating proximity (65). Because such mea- 
sures are related to verbal attraction measures somewhat weakly and often in a 
rather complex fashion, these behavioral measures cannot be considered as inter- 
changeable with verbal assessments. No one has maintained that attraction is a 
single-faceted construct or that any existing measure is inherently superior to all 
others. It does appear, however, that the unsystematic proliferation of attraction 
indices without consideration of their comparability has not facilitated the crea- 
tion of a cumulative set of meaningfully interrelated empirical relationships. 


STIMULI ELICITING ATTRACTION RESPONSES 


Attraction has been found to be a function of the relationship between the 
target’s characteristics and the respondent’s own characteristics, specific charac- 
teristics or behaviors of the target individual, stimulus conditions not directly 
attributable to the target, and to personality characteristics of the respondent. 


Relationship between characteristics of target and respondent —The similarity 
or dissimilarity of the attitudes of the target and the respondent has received the 
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greatest amount of empirical attention in research to date. The reason for this 
interest seems to lie in the apparent ubiquity of the similarity-attraction relation- 
ship, the reliability with which the effect is obtained, and the ease with which such 
variables can be manipulated experimentally. Several decades of correlational 
research on this topic culminated in New-omb’s (120) partially controlled field 
study in which previously unacquainted students were given rent-free accomoda- 
tions in a cooperative housing unit in retarn for their participation as research 
subjects. The attraction patterns which developed within the group were found to 
be positively related to preacquaintance similarity across a variety of attitudinal 
issues and, more strongly, to agreement in.assessing other house members. These 
findings were later replicated (46). . 

Attraction, as assessed by the Interpersonal Judgment Scale, has repeatedly 
been found to vary as a positive linear function of the proportion of shared simi- 
lar attitudes or opinions between subject and target (19). Typically, subject atti- 
tudes are assessed in a preliminary session and the simulated attitudes of an 
anonymous target are presented to the s-bject at a later time. The relationship 
between proportion of similar attitudes and attraction has been obtained when 
the attitudinal information concerning zhe target is transmitted via mimeo- 
graphed attitude scales, tape recordings, movies (22), closed-circuit television 
(74), face-to-face interactions involving a confederate (8, 31) and when “real life” 
individuals express their own attitudes in face-to-face interactions (17). 

Detailed analyses of the attitude-attraction relationship have demonstrated 
that the importance of specific attitudinal topics influences attraction responses 
only when agreement by a target is at an intermediate level between .00 and 1.00, 
the attitudinal items are heterogeneous im their importance, and when items of 
differential importance systematically are associated with similarity-dissimilarity. 
When these conditions prevail, agreemert on important issues exerts a relative 
effect on attraction approximately three times that of unimportant issues (38). 
Other analytic research indicates that attraction is influenced by seemingly small 
discrepancies of attitude position in addition to general agreement or disagree- 
ment (25) and by structural similarity, the pattern of interrelationships of atti- 
tudes (148), Such analyses have made it possible to express the attitude-attraction 
function in relatively precise mathematice! terms. 

The basic similarity-attraction relationship is found to be quite general across 
a variety of subject populations. The linear function has been found to hold 
among children down through the fourtk grade level (32); among low socioeco- 
nomic status individuals such as Job Ccrps Trainees and among alcoholic and 
schizophrenic hospital patients (35); among Japanese, Indian, and Mexican stu- 
dents (30); and among senior citizens (66). 

Three basic research designs have been utilized to study the influence of per- 
sonality similarity on attraction. In one approach, existing attraction pairs such 
as friends, fiances, or spouses are selected and then assessed with respect to one or 
more personality variables; the scores of the series of pairs are correlated. In a 
second approach, the personality measure or measures are obtained, and then 
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previously unacquainted subjects are selected on the basis of their test scores and 
placed in an interactive situation, followed by an assessment of their attraction. 
Unlike analogous field studies and interactive studies with attitudes, inconsis- 
tency has characterized the findings obtained when either of these designs is used. 
For example, data have been reported supporting the notion that similarity of 
personality characteristics fosters attraction (9, 82, 113). Other studies have indi- 
cated that complementarity of personality is associated with attraction (156). 
Still other findings suggest that both similarity and complementarity of per- 
sonality lead to attraction (89). Finally, no relationship between personality and 
attraction has been obtained in a number of studies (75, 76). There are two basic 
flaws in each of the two designs which make it impossible to answer the proto- 
typic question concerning the effect of personality similarity on attraction (36). In 
neither design is there control of the additional stimulus determinants of attrac- 
tion beyond the small array of personality characteristics under study, and the 
relationship between the personality-relevant behavior of the subject and that of 
the target is unknown or nonexistent. In research utilizing a third design, these 
two problems have been eliminated. Here the subject’s personality-relevant be- 
havior consists of his responses to the instrument used to assess personality char- 
acteristics, and he is subsequently exposed to the responses of the target on the 
same instrument with other stimulus elements controlled experimentally. With 
this design it has been shown that attraction is positively related to similarity 
along such dimensions as self-concept (57, 58), repression-sensitization (33, 36), 
Marlowe-Crowne need for approval (54, 123), self-esteem (72), ability (128), and 
dominance-submissiveness (126). It has also been possible with this design to iso- 
late a few variables on which the effect of similarity varies in part as a function of 
the subject’s standing on the personality dimension in question (71, 72, 127), 
specifically introversion-extraversion, self-esteem, and internal-external control. 

In addition to studies of attitudes and personality characteristics, similarity 
along a number of other dimensions has been found to be positively related to 
attraction. Examples include economic status (27), relatively simple behavioral 
acts (79), task performance (134, 159), emotional states (160), and perceived social 
desirability of self and target (12, 116). It is clear that, with respect to many vari- 
ables, similarity tends to be preferred to dissimilarity, at least in the kind of ex- 
perimental situations normally employed. 


Characteristics or behaviors of the target individual—Attraction has been 
shown to be positively related to the physical attractiveness of targets in several 
investigations. In response to photographic stimuli, both male and female sub- 
jects indicated greater attraction toward physically attractive same and opposite- 
sex targets than toward unattractive ones (39). In later research, more extreme 
differences in physical attractiveness and only opposite-sex targets were used; it 
was reported that attractiveness effects on the work partner scale and measures of 
the target’s desirability as a dating and marriage partner are stronger for males 
than female subjects (144). Physical attractiveness seems to play an especially 


322 BYRNE & GRIFFITT 


strong role in the dating situation. In studies of a prospective date whose photo- 
graph was available (116), actual partners in a computer dating experiment (29), 
and actual dates at a computer dance (155), physical attractiveness was found to 
be a strong and consistent determinant of interpersonal attraction, 

Interest in the effects of racial characteristics on attraction has been intensified 
by the race-versus-belief controversy initiated by Milton Rokeach and Harry 
Triandis. The issue was whether racial membership (black versus white) or atti- 
tudinal similarity-dissimilarity constitutes the more powerful variable in the 
determination of interracial attraction. Rokeach, Smith, & Evans (130) reported 
that the effects of racial membership were largely outweighed by attitudinal simi- 
larity-dissimilarity in the determination of friendship choices. Triandis (150) 
utilized a social distance measure and concluded that race has a greater effect 
than beliefs; it was later suggested that the results obtained are largely dependent 
on the response variables in that different responses are influenced by different 
stimuli (151). The issue nevertheless remains alive and well in social psychology, 
and subsequent investigators have noted several reasons why the findings have 
differed from laboratory to laboratory (70, 81, 142), primarily revolving around 
differences in stimulus presentations and in the assessment of the dependent vari- 
able. Byrne & Ervin (28) pointed out that the effects of race and belief are relative 
and vary as a function of the views attributed to a black target person and to the 
prejudice level of the white subject. For example, there is no effect of Negro racial 
membership on the attraction responses of low prejudice subjects, while for high 
prejudice subjects such information exerts a negative influence on attraction ap- 
proximately 11 times that of the positive effect of a single attitudinal agreement. 
With a sufficient number of attitudinal agreements, it is thus possible to mitigate 
or even nullify the prejudice-racial membership interaction; conversely, with a 
small amount of attitudinal agreement, the effect of race will be strongly evident 
for subjects high in prejudice. 

In addition to physical attractiveness and racial membership, the influence of 
several other target characteristics on attraction has received some attention. For 
example, both males and females respond more positively to targets who maintain 
eye contact with them, and they prefer opposite-sex individuals with dilated pu- 
pils to those with nondilated pupils (141). In another study, a gazing interviewer 
was rated more positively than a nongazing interviewer when the interview con- 
tent was favorable, while the reverse relationship was obtained when the inter- 
view content was unfavorable (50). Males were found to rate photographically 
depicted males more positively when the irises were light than when they were 
dark (87). Other nonverbal characteristics and behaviors of targets such as 
standing posture, arm position, bodily relaxation (112), smiling (77), and vocal 
attractiveness (97) also have been found to influence interpersonal responses. 
Presumably, such attraction influences are the result of the subject’s past experi- 
ences with and expectancies concerning the consequents of these stimulus charac- 
teristics of the target. 

While the target person’s prestige has been found to have a positive effect on 
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attraction (15), prestige effects are negligible when the subject is also provided 
with information about the stranger’s attitudes (34). In other studies, attraction 
has been found to be positively related to the scholastic and intellectual compe- 
tence of the target (63, 125). Novak & Lerner (122) were able to demonstrate that 
the similarity-attraction relationship is less when the target is described as emo- 
tionally maladjusted, though this finding has been shown to be a function of the 
type and quantity of stimulus information available to the subject (37). 

The target’s evaluations of the subject’s personal attributes are found to have 
a very strong effect on attraction. Positive evaluation elicits much more positive 
responses than negative evaluation when received by the subject in paper and 
pencil form (40, 61), in face-to-face situations (8, 31), and when they are over- 
heard by the subject (7). Cognitive consistency theories predict that subjects will 
respond positively to the favorable evaluations of others only if the subjects posi- 
tively evaluate themselyes. This congruency hypothesis was tested by Deutsch & 
Solomon (48) in a situation in which the subjects were led to believe that their 
actual task performance was poor or good. Their performance was subsequently 
evaluated either positively or negatively by a confederate. When task performance 
was actually good, positive evaluators were liked more than negative evaluators, 
but no differences in liking for the two kinds of evaluators were found when task 
performance was poor. Support for the hypothesis was somewhat weak in that 
negative evaluators were not actually liked more than positive evaluators in the 
poor performance condition. In attempts to replicate these results, it has been 
found that positive evaluators are liked better than negative evaluators in both 
conditions (137). Some support for the hypothesis may be found, however, in 
studies involving role-playing strategies (14, 111). 


Stimulus conditions not directly attributable to the target. —The influence of 
experimentally induced emotions and drives on attraction has been investigated 
primarily in research testing hypotheses derived from a reinforcement-affect 
model. Griffitt (60) manipulated feelings of comfort-discomfort through varia- 
tions in ambient temperature and found attraction toward targets to be more 
negative under hot than under normal temperature conditions. In a second study 
(67) the temperature effect was replicated, and it was additionally found that 
attraction responses were more negative under extremely crowded than under 
less crowded conditions. The greater the reported degree of discomfort and feel- 
ings of unpleasantness, the more negative the response to the target, thus support- 
ing the hypothesis that attraction is mediated by affect. Further support is pro- 
vided by an experiment in which moods of elation or depression were induced by 
means of motion pictures, followed by an attitude-attraction task (56). Depressed 
subjects reponded more negatively to targets than did elated subjects, 

The role of sexual arousal in the determination of attraction responses has 
been the subject of recent experiments (68). Sexual arousal was manipulated by 
exposing subjects to either a series of erotic literary passages or to a series of non- 
erotic control passages. Immediately afterward, attraction was assessed toward 
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same or opposite sex targets holding simlar or dissimilar attitudes. For male 
subjects, attraction was not influenced by sexual arousal nor by the sex of the 
target. Females responded more positively to male than to female targets when 
sexually aroused, as well as more positive_y to male targets when aroused than 
when not aroused. In subsequent work (65), sexually aroused males and females 
were found to look more frequently at opposite sex targets than did control sub- 
jects. Sexual arousal has also been shown to influence male’s perceptions of fe- 
male targets (143). 

Another manipulation of interest is that of temporarily induced changes in 
self-esteem and its effect on attraction (83, 152). Subjects whose self-esteem was 
lowered (by faked personality test feedback) responded more positively to an 
accepting target than did subjects whose self-esteem was raised. Also, subjects 
with raised self-esteem responded more positively to targets whose evaluations 
of them were ambiguous than did lowered self-esteem subjects. 

It has been proposed by Byrne & Clore (23) that the attitude-attraction rela- 
tionship is mediated by effectance motivation which refers to a learned drive to 
be logical, to make a correct report of one’s environment, and to form and main- 
tain valid attitudes and opinions concerning the relatively ambiguous social en- 
vironment. Agreement elicits positive responses through consensual validation of 
opinions, while disagreement elicits negative responses through consensual 
invalidation of one’s attitudes and opinions. Assuming that effectance motivation 
is aroused by exposure to unpredictable environmental conditions, the investi- 
gators presented subjects with either a specially prepared film composed of mean- 
ingless visual and auditory sequences or with a predictable film concerning life in 
Morocco. All subjects afterward responded to attitudinally similar or dissimilar 
targets. While it was expected that the similarity-attraction relationship would be 
stronger as effectance level increased, it wes found that similarity and attraction 
were most strongly related for moderately aroused subjects. It was suggested that 
the high arousal subjects were so confused and disoriented that attention to target 
information was attenuated, thus leading to less polarized attraction responses. 
Later work has extended some of these findings (135). 

Darley & Berscheid (47) investigated tre effects of anticipation of future con- 
tact with targets on attraction, An ambiguously described target was rated more 
favorably when future contact was anticipated than when no contact was antici- 
pated. Additional findings indicated that enticipated contact also leads to more 
positive evaluations of negatively described targets (11). Others (2, 99) have 
shown that the effects of anticipated contact with targets on attraction depend on 
the presumed positiveness or negativeness of the pending interaction. 


Personality characteristics of the respordent——The search for relatively stable 
personality variables which reliably influeace attraction responses has occupied 
the efforts of a large number of investigators, most frequently in the context of 
attitude-attraction studies. The fruits borr of these labors have more often been 
sour than sweet, however, for there seem to be a great many personality variables 
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which are simply unrelated to responses in the attraction situation. For example, 
individual differences in authoritarianism, dogmatism, repression-sensitization, 
self-ideal discrepancy, and cognitive complexity have been found to have no in- 
fluence on the basic similarity-attraction relationship (19). 

With respect to other personality variables, there is some inconsistency in the 
findings. For example, the reported effects of Marlowe-Crowne need for approval 
have included a positive relationship with attraction responses, a positive relation- 
ship only when there is expectation of meeting the target person, no relationship 
with attraction, and opposite effects for male and female subjects (19, 77). Addi- 
tional personality variables which have produced a mixed bag of effects include 
stability of self-esteem (5, 72, 152), intolerance for ambiguity (45), and need for 
affiliation (19). Various anxiety measures have also been found to show no con- 
sistent relationships with attraction, though there is evidence that social-evalua- 
tive anxiety may prove to be a useful moderator variable (138). 


CONSEQUENCES OF ATTRACTION 


While the preceding discussion has focused on attraction as a dependent 
variable, the present section consists of a summary of findings concerning attrac- 
tion as a mediator of other behaviors. In this context, attraction may be viewed as 
an independent variable associated with various consequent behaviors. Lott & 
Lott (110) have provided an excellent review of the consequences literature, and 
their outline will be followed here. 


Approach and avoidance responses.—In general, individuals will move 
(physically, verbally, or symbolically) toward those they like and away from 
those they dislike. With visual behavior, for example, liked persons are looked at 
more, are seen as larger, are more easily recognized, and are dominant in a 
binocular rivalry task when compared with disliked persons. In addition, as 
noted earlier, subjects have been found to maintain closer seated and standing 
proximity to liked than disliked others in both symbolic and actual interaction 
situations. Verbal approach and avoidance tendencies have been studied with the 
majority of findings indicating that liked individuals are more often the targets of 
nonpersuasive communications than are disliked targets and that communication 
accuracy is positively related to interpersonal attraction (110). 


Evaluative and descriptive responses.—Liked persons are generally evaluated 
more positively than disliked persons across a variety of dimensions including 
intelligence, knowledge of current events. morality, adjustment (19), affective 
dimensions of the semantic differential (62), and various adjective-trait charac- 
teristics scaled in terms of likability (110). Defendants in simulated jury studies 
are judged more harshly in terms of degree of guilt, length of prison sentence, 
and degree of punishment to be received when disliked than when liked (64, 95, 
115). In one experiment (139), identical performances on a verbal learning task 
were evaluated more positively when the performer was liked than when disliked. 
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In addition, attraction is positively related to the degree of similarity attributed 
to the target, to the degree to which subjects feel that they are liked by the target, 
to the amount of detail with which targets ere described (110), and to the antici- 
pated positiveness of contact with the target (59). 


Conformity, modeling, and acquiescence.—There is considerable empirical and 
popular support for the notion that influence over an individual varies positively 
with the degree to which the influence agent is liked. For example, conformity to 
group opinions and judgments is found to be positively related to liking for the 
group when compliance is not forced and when subjects are not committed to 
continue in the group (91). High attraction o models has been found to facilitate 
the imitation of preferences in buying paint, going deep-sea diving, choosing non- 
sense syllables, and selecting games (110°. Imitation of betting strategy was 
facilitated by high attraction to a competert model but inhibited by high attrac- 
tion to an incompetent model (10). In stud_es of imitation in children (e.g. 114), 
nurturant (liked) models are more frequenily imitated than non-nurturant (dis- 
liked) models. 

The influence of attraction on behavior in the prisoner’s dilemma game has 
been the subject of a series of studies by Tedeschi and his associates. Subjects 
have been found to make more cooperative and accomodative choices when their 
partner is liked than when disliked (132, 133) and tend to comply more to the 
threats of a credible liked partner than to a zredible disliked partner (16). 

Still other research suggests that patient improvement in psychotherapy is 
faciliated by high attraction between patiemt and therapist (42) and that helping 
behavior is facilitated if the person in need of help is liked as opposed to disliked 
(92). 


Learning.—Attraction has been shown fo affect the learning and performance 
of several behaviors (110). Experimenters who are liked are generally more effec- 
tive in producing high rates of conditionirg, task performance, and persistence 
than are disliked experimenters. The mere presence of liked persons has been 
shown to facilitate the learning of relativefy simple verbal material but to inter- 
fere with learning when the task is moderately difficult. It has also been found 
that photographs of liked and disliked peers can serve, respectively, as positive 
and negative reinforcers in a discriminatior learning task, and that paired-associ- 
ates learning is facilitated when the names af liked as opposed to disliked persons 
are paired with nonsense syllables (110). 

On the basis of such investigations of zhe consequents of attraction, Lott & 
Lott suggest that the application of these findings is now feasible in areas such as 
communication, racial tolerance, and academic learning. 


THEORIES op INTERPERSONAL ATTRACTION 


Psychological theories, insofar as they represent abstract constructions and 
conceptualizations of diverse behavioral pLenomena, probably are best described 
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by the architects of the theories themselves. Second-hand descriptive accounts of 
theories often turn out to be primarily evaluative perorations and to involve the 
endless construction and destruction of straw men which often bear only passing 
resemblance to the positions of the original theorists. With such potential pitfalls 
well in mind, we will provide brief summary descriptions of the major theoretical 
conceptualizations of interpersonal attraction in conjunction with a few repre- 
sentative findings relevant to each position. The two primary conceptualizations 
of attraction phenomena may be roughly categorized as cognitive and reinforce- 
ment theories. 


Cognitive theories —Cognitive theorists (e.g. 69, 121) tend to emphasize the 
relational characteristics among elements of a closed triadic system comprised of 
at least two individuals and an object of communication (something or someone). 
The basic unit of such theories is the cognition which is “any knowledge, opinion, 
or belief about the environment, about oneself, or about one’s behavior that a 
person might hold” (13, p. 14). Certain configurations among the cognitions 
within a triadic system are viewed as psychologically more pleasant than other 
types of cognitive relationships, and individuals are hypothesized to strive ac- 
tively to maintain pleasant configurations and to avoid unpleasant ones. From 
the point of view of Newcomb’s (121) modification of Heider’s (69) balance 
theory, the most pleasant relationships consist of those which are positively bal- 
anced; imbalanced relationships are experienced as most negative, and nonbal- 
anced configurations are evaluated relatively indifferently. Utilizing Newcomb’s 
(121) symbols, positively balanced situations occur when a person (P) positively 
evaluates another person (O) and both P and O agree concerning their evaluation 
(positive or negative) of a third object (X). A state of psychological imbalance 
occurs when the P to O (P/O) relationship is positive but the P/X and O/X evalu- 
ations are in disagreement. Nonbalance is said to occur in any situation in which 
the P/O relationship is negative. Associated with the three states of balance, 
imbalance, and nonbalance are “experiences of preferring to accept a set of 
cognitive elements as they are, to modify it, or to be relatively indifferent as 
between its acceptance or its modification” (121, p. 32). Most relevant with 
respect to interpersonal attraction is the P/O relationship which is seen as pri- 
marily determined by P/X and O/X similarity and dissimilarity. P/O attraction 
will be most positive when P and O are in agreement concerning X and most 
negative when P perceives that he and O disagree concerning X. Since nonbalance 
is somewhat preferred over imbalance, a positive P/O relationship will tend to 
become negative as P perceives disagreement with O concerning X. It should be 
noted that the stress of imbalance may also be reduced by alterations of P/X, 
persuasive attempts to alter O/X, or misperceptions of O/X. 

The attitudinal similarity studies reviewed previously are most relevant to 
cognitive balance interpretations of attraction. The obtained positive relationship 
between agreement and attraction is clearly consistent with balance predictions. 
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In addition, when X consists of P’s self-concept, positive O/X evaluations should 
lead to positive P/O response, assuming (et P likes himself. As noted above, 
there are numerous findings which support this notion. Other data, in the form 
„of ratings of the pleasantness of hypotheticz. relationships, generally support the 
balance theory predictions concerning the affective consequents of the three kinds 
of balance. 

While the Heider-Newcomb formulatioz has received the greatest amount of 
attention in attraction research, other cogmitive theories similarly propose that 
inconsistent cognitions produce unpleasan- states of dissonance (52) or incon- 
gruity (124), the reduction of which may involve alterations in evaluations of a 
target person. A detailed account of such tkzories is provided in a recent volume 


(1). 


Reinforcement theories—In contrast t> cognitive theorists, reinforcement 
theorists (e.g. 24, 43, 109, 140) tend to focus on stimuli and responses as the basic 
units comprising interpersonal interactions.>n the positive and negative proper- 
ties of the relevant stimuli, and on the utility of borrowing concepts from learning 
theory to apply to the attraction situation. 

Hull-Spence associational learning thecry concepts are utilized in the Lotte" 
formulation of attraction theory. The theory rests on four basic assumptions: (a) 
persons represent discriminable stimuli; (b: reinforcement results in an overt or 
covert goal response (R, or rj); (c) the goa. response becomes conditioned to all 
discriminable stimuli present at the time of reinforcement; and (d) when such a 
goal response is conditioned to a person, that person in later situations will evoke 
R, OF Tyso. ' 

The Byrne & Clore (24, 43) model is s.nilar to that of the Lotts but is less 
strongly committed to any specific theory of learning. From an associational 
standpoint, it is proposed that any stimulu= with reinforcement properties func- 
tions as an unconditioned stimulus for ar. implicit affective response which is 
assumed to fall along a subjective continuum that is characterized as pleasant- 
unpleasant. The reinforcement properties cf stimuli are defined independently of 
the attraction situation in terms of the empirical law of effect: the capacity to 
alter response probability. Any discrimizable stimulus, including a person, 
which is temporally associated with the uzconditioned stimulus can become a 
conditioned stimulus capable of evoking zhe implicit affective response. This 
implicit response is hypothesized to messe evaluative responses to the condi- 
tioned stimulus. Evaluative responses incl_de verbal assessments of the condi- 
tioned stimulus, various types of choice behavior, and approach and avoidance 
reactions. The attraction formulation of Lot & Lott (109) and of Byrne & Clore 
(24) have much in common with Staats’ (120) theoretical system which was de- 
veloped in the context of a quite different d=ta base. 

From studies of the precise manner in which stimuli combine to determine 
attraction, an empirically derived “law of aftraction” has been presented (19) as 
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or attraction toward X is a positive linear function of the sum of the weighted 
positive reinforcements (number times magnitude) associated with X divided by 
the total number of weighted positive and negative reinforcements associated 
with X. 

A great deal of research has been stimulated by the above reinforcement 
formulations; representative examples include Byrne, Young & Griffitt (41); 
Lamberth (94); Lott et al (108); Reitz, Douey & Mason (129); and Lombardo, 
Weiss & Stich (107). In general, data falling within the boundary conditions of the 
theories consist of any stimulus-response relationship in which stimulus condi- 
tions may be conceptualized in terms of affective meaning and in which response 
variables are primarily evaluative in nature. It should be noted that reinforce- 
ment and cognitive theories do not constitute incompatible and mutually exclu- 
sive explanatory systems concerning attraction. In fact, many of the empirical 
relationships previously considered are interpretable in either cognitive or rein- 
forcement terms (37). In addition, cognitive theories have generated hypotheses 
(e.g. assumed similarity, misperception, and persuasion) which would most likely 
not have been suggested by a learning model. Similarly, hypotheses generated by 
reinforcement theory (e.g. attitudes as reinforcing stimuli, the role of affective 
states, the effect of delayed reward on attraction) do not appear to be the natural 
offspring of a balance theory. Equally utilitarian theoretical formulations need 
not be cast as embattled competitors. 


Other theories —Additional formulations have been proposed to deal with 
various aspects of attraction, usually focusing on dyadic interactions. Examples 
are exchange theory (78, 149), gain-loss theory (7), and theories of marital choice 
(104, 117), romantic love (131, 154), and friendship (157). In addition, Anderson’s 
information integration theory, while not conceptualizing stimulus information 
in terms of rewards or reinforcements, shares much in common with the law of 
attraction in terms of its focus on the manner in which units of stimulus informa- 
tion combine to affect judgments of targets. The Anderson model is basically a 
weighted averaging model of target judgment and is viewed as encompassing a 
variety of judgment phenomena (4). 


CoMMENT 


Cumulative scientific progress is greatest when investigators practice what 
Kuhn (93) describes as “normal science,” which becomes possible following the 
acquisition of a paradigm. A scientific paradigm is characterized by a specific 
body of research consisting of agreed-upon procedures, operations, measuring 
devices, empirical laws, and a common theoretical superstructure. Such agree- 
ment, at least among a small group of individuals interested in the same phe- 
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nomena, makes it possible to accumulate knowledge through attempts to increase 
the precision, reliability, and scope with which the facts are known and through 
continual formulation and modification of theoretical propositions put forward 
to account for the data. At the present time, research on interpersonal attraction 
may be seen as comprised of a small number of relatively independent mini- 
paradigms plus a number of nonparadigmatic approaches to data collection. If 
research in this area continues to proliferate at its present astonishing rate, it will 
be of interest to document the development of the study of attraction as it moves 
into the realm of a true paradigmatic science. 


10. 


11. 


12. 


13. 


INTERPERSONAL ATTRACTION 331 


LITERATURE CITED 


. Abelson, R. P. et al, Eds. 1968, 


Theories of Cognitive Consistency: 
A Sourcebook. Chicago: Rand 
MeNall 


Alderman D. 1969. Effects of antici- 


pating future interaction on the 
reference for balanced states. J. 
ers. Soc. Psychol, 11:214-19 


. Allen, B. P. 1970. The importance of 


race in the rating of stimulus per- 
sons attributed with beliefs that are 
highly congruent with the beliefs of 
raters: A test of a belief congruence 
hypothesis. Presented at South- 
west. Psychol. Assoc. Meet., St. 
Louis, Mo. 


. Anderson, N. H. 1971. Integration 


theory and attitude change. Psy- 
chol. Rev. 78:171-206 


. Archibald, W. P. 1970, Self-esteem 


and balance with impersonal atti- 
tude objects. Psychon, Sci. 21:363- 


. Aronson, E, 1970. Some antecedents 


of interpersonal attraction. In 
Nebraska Symposium on Motiva- 
tion, ed. W. J. Arnold, D. Levine, 
143-73. Lincoln: Univ. Nebraska 


Press 
. Aronson, E., Linder, D. 1965. Gain 


and loss of esteem as determinants 
of interpersonal attractiveness. J. 
Exp. Soc. Psychol, 1:156-71 


. Aronson, E., Worchel, P, 1966. Simi- 


larity versus liking as determi- 
nants of interpersonal attractive- 
ness. Psychon. Sci, 5:157-58 


. Banta, T. J., Hetherington, M, 1963. 


Relations between needs of friends 
and fiances, J. Abnorm. Soc. Psy- 
chol. 66:401-4 

Baron, R. A. 1970. Attraction 
toward the model and model's 
competence as determinants of 
adult imitative behavior. J. Pers. 
Soc. Psychol, 14:345-51 

Berscheid, E., Boye, D., Darley, 
J. M. 1968. Effect of forced as- 
sociation upon voluntary choice to 
associate. J, Pers. Soc. Psychol, 
8:13-19 

Berscheid, E., Dion, K., Walster, E., 
Walster, G. W. 1971. Physical at- 
tractiveness and dating choice: A 
test of the matching hypothesis. 
J. Exp, Soc. Psychol, 1:173-89 

Berscheid, E., Walster, E. 1969. 
Interpersonal Attraction. Reading, 
Mass: Addison-Wesley 


16. Bonoma, T. 


19. Byrne, D. 


14. Blumberg, H. H. 1969. On being 


liked more than you like. J. Pers. 
Soc. Psychol. 11:121-28 


15. Bond, M., Byrne, D., Diamond, 


M. J. 1968, Effect of occupation 
prestige and attitude similarity on 
attraction as a function of as- 
sumed similarity of attitudes. Psy- 
chol. Rep. 23:1167-72 

V., Tedeschi, J. T., 
Lindskold, S., Horai, J. 1970. In- 
duced interpersonal attraction and 
compliance to threats. Presented at 
Western Psychol. Assoc. Meet., 
Los Angeles 


17, Brewer, R. E., Brewer, M. B. 1968, 


Attraction and accuracy of percep- 
tion in dyads. J. Pers. Soc. Psychol. 
8:188-93 


18. Byrne, D. 1969. Attitudes and at- 


traction. In Advances in Experi- 
mental Social Psychology, ed. L. 
Berkowitz, 4:35-89. New York: 


Academic 
1971. The Attraction 
Paradigm. New York: Academic 


20. Byrne, D. 1971. Can Wright be 


wrong? Let me count the ways. 
algal Res. Soc. Psychol, 2:12- 


21. Byrne, D., Baskett, G. D., Hodges, 


. 1971. Behavioral indicators of 
interpersonal attraction. J. Appl. 
Soc. Psychol. 1:137-49 


22. Byrne, D., Clore, G. L, 1966, Pre- 


dicting interpersonal attraction 
toward strangers presented in 
three different stimulus modes, 
Psychon. Sci. 4:239-40 


23, Byrne, D., Clore, G. L. 1967. Effec- 


tance arousal and attraction. J. 
Pers. Soc. Psychol. Monogr. 6:1-18 


24, Byrne, D., Clore, G. L. 1970. A rein- 


forcement model of evaluative 
responses. Pers.: An Int. J. 2:103- 


25. Byrne, D., Clore, G. L., Griffitt, W. 


1967. Response discrepancy versus 
attitude similarity-dissimilarity as 
determinants of attraction. Psy- 
chon. Sci. 7:397-98 


26, Byrne, D., Clore, G. L., Griffitt, W., 


Lamberth, J., Mitchell, H. E. 
When research paradigms con- 
verge: Confrontation or integra- 
tion? J. Pers. Soc. Psychol. In press 


27. Byrne, D., Clore, G. L., Worchel, P. 


1966. The effect of economic simi- 
larity-dissimilarity on interper- 


332 


sonal attraction. J. Pers. Soc. 
Psychol. 4:220-24 

28, Byrne, D., Ervin, C. R. 1969, At- 
traction toward a Negro stranger 
as a function of prejudice, attitude 
similarity, and the stranger’s evalu- 
ation of the subject. Hum. Relat, 
22:397-404 

29, Byrne, D., Ervin, C. R., Lam- 
berth, J. 1970. Continuity between 
the experimental study of attrac- 
tion and real-life computer dating. 
J. Pers. Soc, Psychol. 16:157-65 

30, Byrne, D. et al 1971. The ubiquitous 
relationship: Attitude similarity 
and attraction, Hum. Relat. 24: 
201-7 

31. Byrne, D., Griffitt, W. 1966. Simi- 
larity versus liking: A clarification. 
Psychon. Sci. 6:295-96 

32, Byrne, D., Griffitt, W. 1966. A de- 
velopmental investigation of the 
law of attraction. J. Pers. Soc. 
Psychol. 4:699-702 

33. Byrne, D., Griffitt, W. 1969. Simi- 
larity and awareness of similarity 
of personality characteristics as 
determinants of attraction. J, Exp. 
Res. Pers, 3:179-86 

34. Byrne, D., Griffitt, W., Golightly, C. 
1966. Prestige as a factor in deter- 
mining the effect of attitude simi- 
larity-dissimilarity on attraction. 
J. Pers. 34:434-44 

35. Byrne, D., Griffitt, W., Hudgins, W., 
Reeves, K. 1969. Attitude simi- 
larity-dissimilarity and attraction: 
Generality beyond the college 
sophomore, J. Soc. Psychol, 79: 
155-61 

36. Byrne, D., Grifütt, W., Stefaniak, D. 
1967. Attraction and similarity of 
personality characteristics. J. Pers. 
Soc. Psychol. 5:82-90 

37. Byrne, D., Lamberth, J. 1971. Cog- 
nitive and reinforcement theories 
as complementary approaches to 
the study of attraction. See Ref. 
118, 59-84 

38. Byrne, D., London, O., Griffitt, W. 
1968. The effect of topic impor- 
tance and attitude similarity-dis- 
similarity on attraction in an intra- 
KE design. Psychon. Sci, 11: 


39. Byrne, D., London, O., Reeves, K., 
1968. The effects of physical at- 
tractiveness, sex, and attitude simi- 
larity on interpersonal attraction. 
J. Pers. 36:259-71 

40. Byrne, D., Rhamey, R. 1965. Mag- 
nitude of positive and negative 


BYRNE & GRIFFITT 


reinforcements as a determinant 
of attraction. J. Pers. Soc. Psychol. 
2:884-89 

41. Byrne, D., Young, R. K., Griffitt, W. 
1966. The reinforcement proper- 
ties of attitude statements. J. Exp. 
Res. Pers. 1:266-76 

42, Carr, J. E. 1970, Differentiation simi- 
larity of patient and therapist and 
the outcome of EE J. 
Abnorm. Psychol. 76:361-69 

43. Clore, G. L., Byrne, D. A reinforce- 
ment-affect model of attraction. 
See Ref. 80 

44. Clore, G. L., Gormly, J. B. 1969. 
Attraction and physiological arousal 
in response to agreements and dis- 
agreements. Presented at Psychon. 
Soc. Meet., St. Louis 

45. Crandall, J. E. 1971. Effects of in- 
tolerance of ambiguity upon inter- 
personal attraction. Psychol. Rep. 


46. Curry, T. J., Emerson, R. M. 1970. 
Balance theory: A theory of inter- 
personal attraction? Sociometry 
33:216-38 

47. Darley, J. M., Berscheid, E. 1967. 
Increased liking as a result of the 
anticipation of personal contact. 
Hum, Relat. 20:29-40 

48. Deutsch, M., Solomon, L. 1959. Re- 
actions to evaluations by others as 
influenced by self-evaluation. So- 
ciometry 22:93-121 

49, Efran, J. S. 1968. Looking for ap- 
proval: Effects on visual behavior 
of approbation from persons differ- 
ing in importance, J. Pers. Soc. 
Psychol, 10:21-25 

30. Ellsworth, P. C., Carlsmith, J. M. 
1968. Effects of eye contact and 
verbal content on affective re- 
sponse to a dyadic interaction. J. 
Pers, Soc. Psychol. 10:15-20 

31. Exline, R. V., Winters, L. C. 1965, 
Affective relations and mutual 
glances in dyads, In Affect, Cogni- 
tion, and Personality, ed. S. Tom- 
kins, C. Izard. New York: Springer 

32. Festinger, L. 1957. A Theory of Cog- 
nitive Dissonance. Stanford Univ. 


Press 
53. Goldberg, G. N., Kiesler, C. A. 
Collins, B. E. 1969. Visual behav- 
ior and face-to-face distance dur- 
ing interaction. Sociometry 32: 
43-53 
54. Goldstein, J. W., Rosenfeld, H. M. 
1969. Insecurity and preference for 
ersons similar to oneself. J. Pers. 
7:253-68 


55. 


56. 


57. 


58. 


59, 


60. 


61 


62. 


63. 


64. 


65. 
66. 


67. 


68. 
69. 


70 


INTERPERSONAL ATTRACTION 


Gormly, J. 1971. Sociobehavioral 
and physiological responses to in- 
terpersonal disagreement. J. Exp. 
Res. Pers. 5:216-22 

Gouaux, C. 1971. Induced affective 
states and interpersonal attraction. 
J. Pers. Soc. Psychol. 20:37-43 

Griffitt, W. 1966. Interpersonal at- 
traction as a function of self-con- 
cept and personality similarity- 
dissimilarity. J. Pers. Soc. Psychol. 
4:581-84 

Griffitt, W. 1969. Personality similar- 
ity and self-concept as determi- 
nants of interpersonal attraction. J. 
Soc. Psychol. 78:137-46 

Griffitt, W. 1969. Attitude evoked 
anticipatory responses and attrac- 
tion. Psychon, Sci. 14:153-55 

Griffitt, W. 1970. Environmental ef- 
fects on interpersonal affective be- 
havior: Ambient effective temper- 
ature and attraction. J. Pers. Soc. 
Psychol, 15:240-44 

Grifütt, W., Byrne, D., Bond, M. 
1971, Proportion of positive ad- 
jectives and personal relevance of 
adjectival descriptions as deter- 
minants of attraction. J. Exp. Soc. 
Psychol, 7:111-21 

Griffitt, W., Guay, P. 1969. “Object” 
evaluation and conditioned affect. 
J, Exp. Res. Pers. 4:1-8 

Grifftt, W., Jackson, T. 1970. The 
influence of information about 
ability and non-ability on person- 
nel selection decisions, Psychol, 
Rep. 27:959-62 

Grifätt, W., Jackson, T. Simulated 
jury decisions: The influence of 
jury-defendant attitude similarity- 
dissimilarity. Soc. Behav, Pers. In 
press 

oie W., May, J. Unpublished 

ata 

Griffitt, W., Nelson, J., Littlepage, G. 
1972. Old age and response to 
agreement-disagreement. J. Geront. 
27:269-74 

Griffitt, W., Veitch, R. 1971. Hot and 
crowded: Influences of population 
density and temperature on inter- 
personal affective behavior. J. 
Pers. Soc. Psychol, 17:92-98 

Griffitt, W., Veitch, R., Littlepage, 
G. Unpublished data 

Heider, F. 1958. The Psychology of 
Interpersonal Relations. New York: 
Wiley 


‘Hendrick, C., Bixenstine, V. E., 


Hawkins, G. 1971. Race versus 
belief similarity as determinants 


333 


of attraction: A search for a fair 
test. J. Pers. Soc. Psychol. 17:250-58 

71. Hendrick, C., Brown, S. R. 1971. 
Introversion, extraversion, and 
interpersonal attraction. J. Pers. 
Soc. Psychol, 20:31-36 

72. Hendrick, C., Page, H. A. 1970. 
Self-esteem, attitude similarity, 
and attraction. J. Pers. 38:588-601 

73. Hicks, M. W., Platt, M. 1970. Mar- 
ital happiness and, stability: A 
review of research in the sixties. 
J. Marriage Fam. 32:553-74 

74. Hodges, L., Byrne, D. 1972. Verbal 
dogmatism as a potentiator of in- 
tolerance. J. Pers. Soc. Psychol. 
21:312-17. 

75. Hoffman, L. R. 1958. Similarity of 
personality: A basis for interper- 
sonal attraction? Sociometry 21: 


300-8 

76. Hoffman, L. R., Maier, N. R. F. 
1966. An experimental re-exam- 
ination of the similarity-attraction 
hy vd J. Pers. Soc. Psychol, 
3:145-52 


77. Holstein, C, M., Goldstein, J. M., 
Bem, D. J. 1971. The importance 
of expressive behaviors, involve- 
ment, sex, and need-approval in 
induced liking. J. Exp. Soc. Psy- 
chol. 7:534-4: 

78. Homans, G. C. 1961. Social Behav- 
ior: Its Elementary Forms, New 
York: Harcourt, Brace & World 

79, Huffman, D. M. 1969. Interpersonal 
attraction as a function of behav- 
ioral similarity. PhD thesis. Univ. 
Texas, Austin 

80. Huston, T. L., Ed. Perspectives 
on Interpersonal Attraction, New 
York: Academic, In press 

81. Insko, C. A., Robinson, J. E. 1967, 
Belief similarity versus race as de- 
terminants of reactions to Negroes 
by southern white adolescents: A 
further test of Rokeach’s theory. 
J. Pers. Soc. Psychol, 7:216-21 

82. Izard, C, E 1960. Personality simi- 
larity and friendship. J. Abnorm. 
Soc. Psychol. 61:47-51 

83. Jacobs, L., Berscheid, E., Walster, 
E. 1971. Self-esteem and attrac- 
tion. J. Pers. Soc. Psychol. 11:84- 


84. Jones, E. E. 1964. Ingratiation. New 
York: Appleton-Century 

85. Jones, E. E., Bell, L., Aronson, E. 
1972. The reciprocation of attrac- 
tion from similar and dissimilar 
others: A study in person percep- 
tion and evaluation. In Experi- 


334 


mental Social Psychology, ed. C. G. 
McClintock. New York: Holt 

86. Jones, E. E., Sigall, H. 1971. The 
bogus pipeline: A new paradigm 
for measuring affect and attitude. 
Psychol. Bull. 76:349-64 

87. Jones, Q. A., Moyel, I. S. 1971. The 
influence of iris color and pupil 
size on expressed affect. Psychon. 
Sei. 22:126-27 

88. Kaplan, M. F., Anderson, N. H. 
Information integration theory 
and reinforcement theory as ap- 
proaches to interpersonal attrac- 
tion. J. Pers. Soc. Psychol. In press 

89. Kerckhoff, A. C., Davis, K. E. 1962. 
Value consensus and need comple- 
mentarity in mate selection. Am. 
Sociol. Rev. 27:295-303 

90. Kiesler, C. A., Goldberg, G. N. 
1968. Multi-dimensional approach 
to the experimental study of inter- 

ersonal attraction: Effect of a 
lunder on the attractiveness of a 

competent other. Psychol, Rep. 22: 


693- 

91. Kiesler, C. A., Kiesler, S. B. 1969. 
Conformity. Reading, Mass: Addi- 
son-Wesley 

92. Krebs, D. L. 1970. Altruism—an 
examination of the concept and a 
review of the literature. Psychol. 
Bull. 7173:258-302 

93. Kuhn, T. S. 1970. The Structure of 
Scientific Revolutions. Univ. Chi- 
cago Press 

94. Lamberth, J. 1971, Sequential vari- 
ables as determinants of human 

erformance with attitudinal rein- 
O CERED, Psychon. Sci. 22:350- 
2 

95. Landy, D., Aronson, E, 1969. The 
influence of the character of the 
criminal and his victim on the de- 
cisions of simulated jurors. J. Exp. 
Soc. Psychol. 5:141-52 

96. Latané, B., Hothersall, D. Social at- 
traction in animals. In Psychology 
72, ed. P. C. Dodwell. New York: 
Penguin. In press 

97. Lerner, M. J. 1965. Evaluation of 
lan as a function of per- 
ormer’s reward and attractive- 
as J. Pers. Soc. Psychol. 1:355- 


98. Lerner, M. J. 1965. The effect of re- 
sponsibility and choice on a part- 
ner’s attractiveness following fail- 
ure. J. Pers. 33:178-87 

99. Lerner, M. J., Dillehay, R. C., 
Sherer, W. C. 1967. Similarity and 


BYRNE & GRIFFITT 


attraction in social contexts. J. 
Pers. Soc. Psychol. 5:481-86 

100. Levinger, G. 1965. Marital cohesive- 
ness and dissolution: An inte- 
grative review. J. Marriage Fam. 


28:19- 

101. Levinger, G. 1972. Little sand box 
and big quarry: Comment on 
Byrne s paradigmatic spade for re- 
search on interpersonal attraction. 
ee Res. Soc. Psychol, 3:3- 


102, Levinger, G., Gunner, J. 1967. The 
Interpersonal Grid J, Felt and tape 
techniques for the measurement of 
social relationships. Psychon. Sci. 
1:173-74 

103. Levinger. G., Moreland, J, 1969. 
Approach-avoidance as a function 
of imagined shock threat and self- 
other similarity. J. Pers. Soc. 
Psychol, 12:245-51 

104, Levinger, G., Snoek, J. D. 1972. At- 
traction in Relationship: A New 
Look at Interpersonal Attraction, 
New York: General Learning 

105. Lindzey, G., Byrne, D. 1968. Meas- 
urement of social choice and inter- 
pel attractiveness. In Hand- 

ook of Social Psychology, ed. 
G. Lindzey, E. Aronson, 2: 452- 
525. Reading, Mass: Addison- 


Wesley 

106. Little, K. B. 1965. Personal space. 
J. Exp. Soc. Psychol. 1:237-4 

107. Lombardo, J. P., Weiss, R. F., Stich, 
M. H. 1971. Interpersonal attrac- 
tion as a function of amount of 
information supporting the sub- 
Jee. opinions: Psychon. Sci. 24: 


108. Lott, A. J., Aponte, J. F., McGinley, 
W. H., Lott, B. E. 1969. The ef- 
fect of delayed reward on the de- 
velopment of interpersonal at- 
traction. J. Exp. Soc. Psychol. 5: 
101-13 

109. Lott, A. J., Lott, B. E. 1968. A learn- 
ing theory approach to interper- 
sonal attitudes. In Psychological 
Foundations of Attitudes, ed. A, G. 
Greenwald, T. C. Brock, T. M. 
Ostrom, 67-88. New York: Aca- 
demic 

110. Lott, A. J., Lott, B. E. 1971. The 
power of liking: Consequences of 
interpersonal attitudes derived 
from a liberalized view of second- 
ary reinforcement. See Ref. 18, 
Vol. 6 

111. Lowe, C. A., Goldstein, J. W. 1970. 
Reciprocal liking and attributions 


INTERPERSONAL ATTRACTION 


of ability: Mediating effects of per- 
ceived intent and personal involve- 
ment. J. Pers. Soc. Psychol. 16: 
291-97 

Mehrabian, A. 1968, Inference of at- 
titudes from the posture, orienta- 
tion, and distance of a communi- 
cator. J. Consult. Clin, Psychol. 
32:296-308 

Miller, N., Campbell, D. T., Twedt, 
H., O’Connell, E. J. 1966. Similar- 
ity, contrast, and complementarity 
in friendship choice. J. Pers. Soc. 
Psychol, 3:3-12 

Mischel, W., Grusec, J. 1966. De- 
terminants of the rehearsal and 
transmission of neutral and aver- 
sive behaviors. J. Pers. Soc. Psy- 
chol. 3:197-205 

Mitchell, H. E., Byrne, D. The de- 
fendant’s dilemma: Effects of 
jurors’ attitudes and authoritarian- 
ism on judicial decisions. J. Pers, 
Soc. Psychol. In press 

Moss, M. K. 1969. Social desirability, 
physical attractiveness, and social 
choice. PhD thesis. Kansas State 
Univ., Manhattan 

Murstein, B. I. 1970. Stimulus-value- 
role: A theory of marital choice. 
J. Marriage Fam. 32:465-81 

Murstein, B. 1., Ed. 1971. Theories of 
Attraction and Loce. New York: 
Springer 

Ibid. Critique of models of dyadic 
attraction, 1-30 

Newcomb, T. M. 1961. The Acquaint- 
ance Process. New York: Holt, 
Rinehart & Winston 

Newcomb, T. M. 1968, Interpersonal 
balance. See Ref. 1, 28-51 

Novak, D. W., Lerner, M. J. 1968. 
Rejection as a function of per- 
ceived ey J, Pers. Soc. 
Psychol. 9:147-52 

Nowicki, S. Jr. 1971. Ordinal posi- 
tion, approval motivation, and 
interpersonal attraction. J. Con- 
sult. Clin. Psychol. 36:265-67 

Osgood, C. E., Suci, G. J., Tannen- 
baum, P. H. 1957. The Measure- 
ment of Meaning. Urbana: Univ. 
Illinois Press 

Palmer, J. 1969. Vindication, evalua- 
tion, and the effect of the stranger's 
competence on the attitude similar- 
ity attraction function, PhD thesis. 
Univ. Texas, Austin 

126, Palmer, J., Byrne, D. 1970. Attrac- 

tion toward dominant and sub- 
missive strangers: Similarity ver- 


112. 


113. 


114. 


115, 


116. 


117. 


118. 


119, 
120, 


121. 
122, 


123, 


124. 


125. 


335 


sus complementarity. J. Exp. Res. 
Pers. 4:108-15 

127. Phares, E. J., Wilson, K. G. 1971. 
Internal-external control, inter- 
personal attraction, and empathy. 
Psychol. Rp 28:543-49 

128. Reagor, P. A., Clore, G. L. 1970. 
Attraction, test anxiety, and simi- 
larity-dissimilarity of test perfor- 
mance. Psychon, Sci. 18:219-20 

129. Reitz, W. E., Douey, J., Mason, G, 
1968. Role of homogeneity and 
centrality of attitude domain on 
reinforcing properties of attitude 
statements. J. Exp. Res. Pers. 
3:120-25 

130. Rokeach, M., Smith, P. W., Evans, 
R. I. 1960. Two kinds of prejudice 
or one? In The Open and Closed 
Mind, ed. M. Rokeach. New York: 
Basic Books 

131. Rubin, Z. 1970. Measurement of 
romantic love. J. Pers. Soc. Psy- 
chol, 16:265-73 

132, Schlenker, B. R., Bonoma, T. V. 
Tedeschi, J. T., Lindskold, S., 
Horai, J. 1971. The effects of re- 
ferent and reward power on social 
conflict. Psychon, Sci. 24:268-70 

133. Schlenker, B. R., Tedeschi, J. T. 
Interpersonal attraction and the 
exercise of coercive and reward 
power. Hum. Relat. In press 

134. Senn, D. J. 1971. Attraction as a 
function of similarity-dissimilarity 
in task performance. J. Pers. Soc. 
Psychol. 18:120-23 

135. Sherman, R. C. Social perception 
and initial liking as a function of 
prior exposure to an arousing 
situation, target variability, and 
attitude similarity-dissimilarity, 
Percept. Mot. Skills. In press 

136. Sigall, H., Page, R. 1971. Current 
stereotypes: A little fading, a little 
faking. J. Pers. Soc. Psychol. 
18:247-55 

137. Skolnick, P. 1971. Reactions to per- 
sonal evaluations: A failure to 
replicate. J. Pers. Soc, Psychol. 


18:62-67 

138. Smith, R. E. 1970. Social anxiety as 
a moderator variable in the atti- 
tude similarity-attraction relation- 
ship. Presented at Western Psy- 
chol. Assoc. Meet., Los Angeles 

139. Smith, R. E., Meadow, B. L., Sisk, 
T. K. 1970. Attitude similarity, 
interpersonal attraction, and eval- 
uative social perception. Psychon. 
Sci. 18:226-27 

140, Staats, A. W. 1968. Social behavior- 


336 


ism and human motivation: Prin- 
ciples of the attitude-reinforcer- 
discriminative system. See Ref. 
109, 33-66 

141. Stass, A. W., Willis, F. N. Jr. 1967. 
Eye contact, pupil dilation, and 
personal preference. Psychon. Sci. 
1:375-76 

‘142, Stein, D. D., Hardyck, J. A., Smith, 
M. B. 1965. Race and belief: An 
open and shut case. J. Pers. Soc. 
Psychol, 1:281-89 

143. Stephan, W., Berscheid, E., Walster, 
d 1971. Sexualarousaland hetero- 
sexual perception. J. Pers. Soc. 
Psychol. 20:93~101 

144, Stroebe, W., Insko, C. A., Thomp- 
son, V. D., Layton, B. D. 1971. 
Effects of physical attractiveness, 
attitude similarity, and sex on vari- 
ous aspects of interpersonal at- 
traction., J. Pers. Soc. Psychol, 
18:79-91 

145. Tagiuri, R. 1969. Person perception. 
ee Ref. 105, 3:395-449 

146. Tajfel, H. 1969. Social and cultural 
con ae perception. See Ref. 105, 


147. Taylor, H. F. 1970. Balance in Small 
Groups. Princeton, N. J.: Van 
Nostrand-Reinhold 

148. Tesser, A. 1971. Evaluative and 
structural similarity of attitudes as 
determinants of interpersonal at- 
traction. J. Pers. Soc. Psychol, 
18:92-96 

149, Thibaut, J. W., Kelley, H. H, 1959, 
The Social Psychology of Groups. 
New York: Wiley 

150. Triandis, H. C. 1961. A note on 
Rokeach’s theory of prejudice, 


BYRNE & GRIFFITT 


J. Abnorm. Soc. Psychol. 62:184- 


86 

151. Triandis, H. C., Loh, W. D., Levin, 
L. A. 1966. Race, status, quality 
of spoken English, and opinions 
about civil rights as determinants 
of interpersonal attitudes. J. Pers. 
Soc. Psychol. 3:468-72 

152. Walster, E. 1965. The effect of self- 
esteem on romantic liking. J. Exp. 
Soc. Psychol, 1:184-87 

153. Ibid 1970. The effect of self-esteem 
on liking for dates of various social 
desirabilities. 6:248-52 

154. Walster, E. 1971. Passionate love. 
See Ref. 118, 85-99 

155. Walster, E., Aronson, V., Abrahams, 
D., Rottmann, L. 1966. Impor- 
tance of physical attractiveness in _ 
dating behavior, J. Pers. Soc. 
Psychol. 4:508-16 

156. Winch, R. F., Ktsanes, T., Ktsanes, 
V. 1955. Empirical elaboration of 
the theory of complementary needs 
in mate selection. J. Abnorm. Soc. 
Psychol, 51:508-13 

157. Wright, P. H. 1969. A model and a 
technique for studies of friendship. 
J. Exp. Soc. a 5:295-309 

158. Wright, P. H. 1971. Byrne’s ae 
matic approach to the study of at- 
traction: Misgivings and alter- 
natives. Represent. Res. Soc. Psy- 
chol. 2:66-10 

159. Zander, A., Havelin, A. 1960. Social 
comparison and interpersonal at- 
traction. Hum. Relat. 13:21-32 

160. Zimbardo, P., Formica, R. 1963, 
Emotional comparison and self- 
esteem as determinants of affilia- 
tion. J. Pers. 31:141-62 


Copyright 1973. All rights reserved 


THE STUDY OF SMALL GROUPS 


Rosert HELMREICH, ROGER BAKEMAN, LARRY SCHERWITZI? 
The University of Texas at Austin 


The reviewer facing the research reported in the area of small groups between 
1967 and 1972? is both impressed by the quantity of data presented and depressed 
by the general absence of excitement and new theoretical formulations. The area 
loosely defined as group dynamics has never been characterized by a unifying 
theoretical position. Psychological Abstracts lists roughly 3400 studies related to 
groups since the last review by Gerard & Miller (44). A large proportion of this 
research seems to be following established lines of investigation with little or no 
concern for external validity or potential applications. From the point of advanc- 
ing the field, it may be that much of this research comes closer to exemplifying a 
psychological Gresham’s Law that “bad research drives out good” than Kurt 
Lewin’s notion that “nothing is so practical as a good theory.” 

Our disenchantment with both the theoretical and the mundane significance 
of much of the past decade’s literature (as well as the pragmatic impossibility of 
achieving a comprehensive review) has dictated an eclectic and biased approach 
to our topic. At this time it appears that the questions asked (or unasked) are 
more intriguing than the answers produced to date. We have, therefore, concen- 
trated on approaches where methodology, theoretical impact, or application 
seem most promising, and have attempted to cite reviews summarizing research 
in those areas we have slighted. 

Several recent works of general interest to the student of small groups are 
worthy of note. The revised edition of Cartwright & Zander (21) remains an 
excellent general introduction to group dynamics. The second edition of the 
Handbook of Social Psychology (73) also contains several relevant chapters by 
Lindzey & Byrne (74), Tagiuri (117), Kelley & Thibaut (67), Collins & Raven 
(23), and Gibb (45). A work of value to students of groups in isolation and under 
stress is a National Academy of Science volume, Human Factors in Long Duration 
Spaceflight (91). 


METHODOLOGY 
It seems currently fashionable to issue critiques of laboratory research while 
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extolling field investigations. It is certainly not an evil, nor even a new fashion; 
nor does it necessarily involve a flight from experimentation, as a recent book of 
readings edited by McClintock (82) so clearly demonstrates. Rather than pile 
methodological polemic on the reader, McClintock’s book organizes itself 
around presentations of representative experimental research paradigms, allow- 
ing the reader first to feel for himself and then to judge the methodologies and 
research strategies given. The organizers cf this volume believe that the experi- 
mental method is rather on the defensive, and its authors seem well aware that 
the last few decades of experimentation have produced little “theoretically mean- 
ingful knowledge,” as Harold Proshansky “notes in the Foreword. The argument 
that this uncomfortable fact stems more from practitioners than from methodo- 
logical limitations is made implicit by good counter-example and explicit in a 
fine concluding statement by Daniel Katz (55). 

While those in Watson’s shadow introspect about the meaning of their exper- 
imental acts, Irving Goffman (who is uniquzly himself, but still is somewhat from 
Mead’s mold) continues his sympathetic observations. In Relations in Public: 
Microstudies of the Public Order (46), Goffman, in additional to the usual insight- 
ful analysis we have come to expect from. him, even mentions methodological 
issues. Identifying his own work as often. “unsystematic, naturalistic observa- 
tion,” he suggests that after some years of others’ more scientific work: “Under- 
standing of ordinary behavior has not accumulated; distance has” (p. xvi). For 
different and quite well qualified reasons, Eatz does not altogether disagree. As 
he notes: “Of the thousands of experimental studies published in social psy- 
chology in the past 20 years, the number that supplies new information to a 
cumulative body of knowledge is surprisingly small” (65, p. 557). 

Not surprisingly, most of the methodological innovations worthy of note are 
in the area of naturalistic research. One excellent source is Karl Weick’s (128) 
chapter on systematic observation in the Faandbook of Social Psychology. Much 
of the methodological impetus seems to be coming from sociology where prob- 
lems of objective coding of natural phenomena and the treatment of extensive 
longitudinal data are receiving much-deserved attention. Of particular interest is 
a chapter by Reiss (102) in Sociological Methodology, 1971. Several applications 
of a systematic observational methodology have also been made to isolated 
groups by Radloff & Helmreich and their essociates (55, 100). 

One of the important aspects of systematic observation of natural phenomena 
over time is the accumulation of archives of longitudinal data. The vast majority 
of studies of social psychological effects have dealt with acute reactions assessed, 
if more than once, over a brief period of time. The result has been a paucity of 
solid research tracing patterns of response cver extended periods of time. Along 
with the lack of longitudinal, repeated mezsures studies has gone a lack of in- 
volvement with statistical techniques for aralysis of multivariate repeated mea- 
sures designs and procedures for making cavsal inferences from such data. Again, 
more developments seem to have taken plece in sociology than in psychology. 
Path analysis provides one fruitful approach to the search for causal inference 
from correlational data. Numerous discussions of this technique have appeared 
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since Blalock’s (15) pioneering work and a subsequent edited volume by Blalock 
& Blalock (16). Among the more recent papers are those of Heise (54), Hauser & 
Goldberger (52), Land (71), and Lyons (76). It seems likely that such approaches 
to the study ofsmall groups over time will become a favored methodology in the 
next few years. 


ATTRACTION 


Recent works in the area of attraction include Berscheid & Walster’s Inter- 
personal Attraction (14), which is an excellent summary of research in attraction, 
and Elliot Aronson’s (6) presentation in the Nebraska Symposium. Aronson notes 
that it is easy to group most antecedents of attraction into a general cost reward 
model but that it is very difficult to specify a priori events and situations which are 
rewarding. Aronson’s approach involves presenting mini-theories such as the 
pratfall effect (Aronson, Willerman & Floyd 9) and a gain-loss model (Aronson 
& Linder 8, Sigall & Aronson 110) which are exceptions to the general notions of 
reward. It seems appropriate here to point out that the mini-theory of gain-loss is 
easily subsumed under a general notion developed from Prisoner’s Dilemma-style 
research. Stuart Oskamp (95), in surveying effects of different strategies, notes 
that “The organization or patterning of programmed input is much more impor- 
tant than the overall level of reinforcement in determining subjects’ responses.” 

Bernard Murstein has edited a recent book, Theories of Attraction and Love 
(90), which includes the latest theoretical statements by Newcomb, Homans, 
Walster, and Murstein on attraction. In this eclectic book Newcomb (93) clarifies 
some issues regarding P/O relationships in the balance model, Homans (60) 
speculates on attraction relating to positive sanction power, Walster (126) defines 
passionate love in terms of Schachter’s two-component theory of emotionality, 
and Murstein presents a theory of marital choice. 

In the field of attraction the concept of what can be researched has broadened 
in the last 5 years. New approaches suggest that love is more than intense liking, 
as Heider (53) proposed. Rubin (105), in an attempt to introduce and validate a 
social psychological construct of love, begins by assuming that love is an inter- 
personal attitude. In his love scale the concept of romantic love includes three 
components: affiliative and dependent need, a predisposition to help, and an 
orientation of exclusiveness and absorption. Another assumption is that love is a 
distinctly different concept from interpersonal attraction. Rubin found a positive 
correlation between scores on his refined love scale and the amount of time loving 
couples spent gazing into one another’s eyes. Walster (126) agrees that love is 
distinct from attraction in that it need not be engendered by reward. Walster 
notes that love may co-exist in settings with aggression, hatred, and rejection— 
none of which is a breeding ground for attraction. In terms of Schachter’s (106) 
theory of emotionality, love is engendered by a combination of psychological 
arousal and an appropriate label toward a love object. The arousal may be either 
negative as with fear, frustration, and rejection, or positive as with sexual grati- 
fication and need satisfaction. What is most important is being aroused in an 
appropriate labeling situation. 
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Many of the criticisms of past and present attraction research relate inti- 
mately to the methodology. For attraction, particularly relevant points are con- 
cerned with short interaction times and mythical strangers. Murstein has pro- 
pounded a theory of martial selection which takes into account the changing 
needs and rewards over the development of a relationship. Stimulus-value-role 
theory (S-V-R) assumes that an individual first considers salient stimulus char- 
acteristics such as age and physical attractiveness relative to his own. Accord- 
ing to social exchange, if the assets and rewards are perceived to be roughly 
equivalent, then the relationship is eligible to progress into the value stage where 
attitudes, temperament, and ability to relatz are evaluated. Homogeneity is con- 
sidered most rewarding in both the stimulus and value stages, but as the relation- 
ship filters to the role stage, parsimony yields to the increasing intensity of inter- 
action. Roles of the couple must be interactive in order to mediate goals, and 
therefore it is meaningful to think in terms of role fit rather than homogeneity or 
complementarity. Murstein admits that S-7-R theory is eclectic and in need of 
integration by further research, but it is a nzeded step forward in assessing longi- 
tudinal data on real relationships. 

Another new approach is that of Kiesler & Goldberg (68), who have raised 
the seemingly repressed question of multid_mensionality in interpersonal attrac- 
tion. Findings from a factor analytic study -ndicate that socioemotional and task 
related groups account for different but interdependent sources of attraction. 
It may be possible to like someone in one role and dislike him in another. Homans 
(60) maintains, in a similar vein, that much of the ambiguity of what we mean by 
attraction lies in the mixture of emotional and instrumental responses. 

The majority of attraction research published in the last 5 years has been 
couched in a reward framework. Most of the research concerned with reward 
investigates aspects of the similarity and attraction relationship. Similarity ex- 
pressed in gestures (Dabbs 28), in personelity traits (Griffitt 49), in test perfor- 
mance (Reagor & Clore 101), and in attituces (Byrne & Lamberth 18) has shown 
a positive relationship with attraction. Donn Byrne, one of the more prolific re- 
searchers concerned with attitude similarity and attraction, has conceptualized 
attraction as a form of information processing in which attraction varies in any 
part of the informational sequence accordinz to the proportion of similar attitudes 
in the preceding series. Similar attitudes, according to Byrne (18), are reinforcing 
by mediating reward for an effectance mot ve, Ettinger, Nowicki & Nelson (35) 
explain the mechanism of attraction to similar attitudes by an approval cue hy- 
pothesis and by social learning. Attraction is viewed as a function of the expec- 
tancy of approval and the reinforcement value associated with approval. 

Marsden (80) has raised the question that perceived similarity and not actual 
similarity may be the crucial variable. The amount of similarity was compared 
among three levels of friendship and between friends and nonfriends. The results 
indicate that there is no more similarity among very good friends than among 
casual friends or between friends and nonfriends. Rosenblood & Goldstein (104) 
also found that when subjects were given a choice, they chose to affiliate more on 
the basis of intelligence than as a function of similarity. Sigall & Aronson (111) 
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and Worchel & Schuster (133) indicate that a gain in agreement over prior dis- 
agreement induces higher levels of attraction than does constant agreement. 

Generally there is a positive relationship between eye contact and attraction. 
Mehrabian (84) indicates that eye contact, distance, orientation, and relaxation 
of the body are significant indices of an individual’s liking [which is not sur- 
prising given popularized notions of body language such as that of Fast (36)]. 
Individuals who maintain eye contact are more likely to be chosen (Stass & 
Willis 114), and individuals who maintain long gazes are liked more than in- 
dividuals who look in short frequent gazes. Too much eye contact, however, 
may cause discomfort; Argyle & Dean (5) indicate that intimacy (as defined by 
eye contact, smiling, and physical proximity) has acceptable limits. To remain in 
equilibrium, the individual may decrease eye contact when physical proximity 
increases. Stephenson & Rutter (115) have challenged Argyle & Dean’s affilia- 
tion-conflict model by explaining increased eye contact at farther distances as an 
artifact of observed behavior. There are, however, three replications which support 
the affiliation-conflict model (Goldberg, Kiesler & Collins 47, White, Hegarty & 
Beasley 129, Argyle 4). 


CONFORMITY AND SOCIAL INFLUENCE 


In contrast to studies of interpersonal attraction and love, research in con- 
formity and social influence has been greatly influenced for many years by one 
research strategy. Few research designs in social psychology have been as seminal 
as the Asch conformity situation. Not only has this situation spawned numerous 
studies, it has fertilized ideas even beyond its own field. Efficient symbols that 
encode much information are indeed used. Perhaps the Asch situation is such an 
economical symbol, condensing in one simple, experimental paradigm a wider 
concern with conformity and social influence. The last few years have seen their 
share of Asch-inspired studies: occasionally the stimulus is varied; often vari- 
ables (such as fear) that affect conformity are explored. Two such studies will be 
mentioned here; both apply the Asch situation in different cultural settings and 
each illustrates nicely one of the four types of cross-cultural research from Fred 
Strodtbeck’s (116) taxonomy. 

Cultures can be viewed as natural manipulations. The problem of stimulus 
and response equivalence within this culture-as-independent variable model has 
hardly gone unnoticed. Still, a study by Berry (13) seems to avoid the usual pit- 
falls. Following the Murdockian (89) categorization of subsistence societies into 
low and high food accumulators (hunters vs farmers, fishermen vs shepherds), 
Berry predicted that low food accumulators should exhibit less conformity. 
Presumably this is because such societies have developed socialization practices 
in accord with their economic needs (an idea developed by Barry, Child & Bacon 
11). Using samples of Baffin Island Eskimos and Temne people from Sierra 
Leone, Berry finds that the Temne do indeed exhibit significantly more con- 
formity than do the low food accumulating Eskimos. 

For different reasons, but likewise a priori, Robert Frager (41) predicted 
high levels of conformity for Japanese subjects. Often cross-cultural research 
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necessitates revision in the experimenter’s culturally given taxonomy (Strodt- 
beck’s type III); not surprisingly then, “surprising” phenomena are more fre- 
quently encountered in cross-cultural work. Frager’s results are surprising: more 
than a third of his subjects exhibited anticonformity, that is, gave incorrect 
responses when the group gave correct ones. This sort of response had not ap- 
peared spontaneously in previously reported work. Willis & Hollander (132) 
did demonstrate anticonformity, as reported by Gerard & Miller, but only as 
some movement in the direction of anticonformity over trials, accompanied by 
strong manipulations designed to induce anticonforming responses: anticon- 
formity was defined as disagreeing with a single other labeled unreliable by the 
experimenter. 

Frager found a significant correlation between anticonforming responses 
and alienation. Several questions might now be asked. Is anticonformity unique 
to Japanese populations, or, if it were to appear elsewhere, would it again be 
tied to alienation ? Certainly pressure to conform is present in all societies, albeit 
in differing amounts, as Berry’s study suggests. But Frager’s research should 
stimulate us to question what differing forms conforming responses might take. 
And certainly both studies together should serve to remind us, if reminding is 
necessary, of the cultural brackets that surround our almost casual use of the 
words person and people in social psychological research. 

Far from the laboratory, a type of material exists which, although not in the 
psychological main stream, is clearly relevant to, and should be used by, students 
of social influence. An example of such a work would be the memoirs of Albert 
Speer (113). Here is a thoughtful book, by a man who has had much time to 
think, concerning his own participation in a group which exerted, successfully 
for a time, incredibly strong pressures on its members to conform to certain 
group norms regarding appropriate intellectual assumptions, interpretations of 
events, and behavior. The social reality thus created, although at variance with 
others in the world, had immense consequences for many. It would seem Nero- 
like for social scientists to ignore such potent phenomena while fiddling with 
laboratory data. 

It is encouraging to see social-bistorical data skillfully dealt with by Irving 
Janis. In Groupthink (64) Janis delineates with theoretical distance what Speer 
describes with immediacy. Somehow it seems correct that a social psychologist 
should turn his hand to interpreting social-historical data in the light of social- 
psychological theory. We are not arguing here that laboratory generated data are 
of dubious value or of questionable generality, or even that sole reliance on 
experimental data causes theoretical rickets. Rather, we would simply suggest 
that, given the data-rich world we live in, the researcher would do well to wonder 
whether he wants to bring more, possibly dubious, data into this world, or 
whether theory would not be better served by adapting much existing data to 
psychological use. 

Still, laboratory data, quite apart from the experimental/nonexperimental 
issue, has a place. People will wait hours in line to see cleverly constructed 
automata, almost indistinguishable from humans, deliver messages that likely 
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wouldn’t be listened to were the speakers merely human. This fascination with 
the artificial may in part account for the power laboratory demonstrations have: 
precisely because they are not real, they are more believed. Clearly, we cannot do 
without them. Yet there is a heavy irony in the fact that while real killing can 
pass without comment, a study like that of Milgram (85) moves people to outrage. 
The most recent, and perhaps one of the best, laboratory demonstrations of the 
power of social reality is provided by Philip Zimbardo’s model prison (139). So 
rapidly did normal and relatively homogeneous young men change their be- 
havior in conformity with their randomly assigned “guard” or “prisoner” 
status, that after 6 days of a projected 2-week experiment, the experimenter- 
warden closed down his mock prison. 

The upset generated by a Milgram or a Zimbardo, both from the public and 
from their colleagues, in part stems from ethical concerns. But another part of 
their power lies precisely in their demonstration of how strong situational 
determinants are in shaping behavior. No resort to a correlation between “those” 
people who do “evil” things is allowed: the subjects were randomly assigned. It 
is the experimental method, not a fascination with the artificial, that convinces. 

Milgram’s and Zimbardo’s studies evoke public outcry in part because, 
through shaming dramatizations, they remind us just how fragile our ethical 
independence and integrity really are. The common link between the two studies 
is their mutual reliance on an authority figure who legalizes the punishment the 
subject-teachers or subject-guards are allowed to administer. The experimenter- 
teacher or experimenter-warden tacitly accepts the ultimate ethical responsibility 
for the victims, thus relieving the actors of that obligation. What follows in each 
situation is all too familiar to the student of history. 

Another type of social influence, albeit negative, has been carefully investi- 
gated by Darley & Latané (29) in their studies of bystander intervention in crisis 
situations. In a series of ingenious studies they have found that the more people 
present at the onset of an emergency, the less likely an onlooker is to render 
assistance. This phenomenon is not due to apathy or a generalized urban un- 
concern, but rather seems to occur because the presence of strangers may inhibit 
noticing an emergency and/or may lead to a definition of the situation as not 
requiring action. In any event, Darley & Latané have isolated and clarified an 
interesting aspect of group behavior. 


Cooperation and competition—The study of cooperation and competition in 
social settings seems to have tended almost inexorably toward the use of the 
Prisoner’s Dilemma paradigm. The dilemma for the reviewer is in evaluating the 
overwhelming proliferation of such studies. The sheer bulk of PD studies and the 
absence of notable theoretical integration and advance seem to demonstrate that 
an attempted via definitiva may become a via dolorosa. 

Yet a fine review book has appareared recently: Cooperation and Competition: 
Readings on Mixed-Motive Games, (edited by Wrightsman, O’Connor, and Baker 
134). The book is thoughtful and well organized, demonstrates a fine sensitivity 
to the issues in the research, and provides pithy introductions and summaries 
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for its various sections. Further, the book includes earlier reviews in the area, 
most notably Gallo & McClintock’s (43) article (indeed, the authors intend 
their book to be a review and update of Gallo & McClintock’s conclusions) and 
Stuart Oskamp’s more recent (95) work. In addition, the book contains a classi- 
fied bibliography of some 1100 references. For those interested in gaming re- 
search, Wrightsman, O’Connor & Baker’s book seems to be a logical first choice. 
Nor are the editors content merely to summarize. The book goes beyond box 
scores and addresses itself to what is perhaps the central problem to those ob- 
serving the area from outside—the generalizability of results. A quote from a 
section entitled The Relevance of Mixed-Motive Games will illustrate: “If sub- 
jects play for real money instead of imaginary money, degree of cooperation may 
be positively affected, adversely affected, or affected not at all.” The intent of this 
somewhat out of context quote is neither to prove that the authors are unsophisti- 
cated (they are not), nor to show them droll. Rather, it points up nicely a problem 
which pervades Prisoner’s Dilemma-style research. 

Critics of psychological experimentation question the creation in the labora- 
tory of behaviors that do not exist otherwise. A quote such as the above can only 
be grist for this particular mill. The reader may recall that Von Neumann & 
Morgenstern, when extending their Theory of Games and Economic Behavior 
(122) to the non-zero-sum case, found it necessary to introduce a fictitious player 
who can have no influence on the course of the game. Perhaps in extending non- 
zero-sum games to the world of international politics, it is the results which are 
fictions and likewise have no influence. Perhaps a research question well-rooted 
in real-world concerns should now concern at least some of us. It is: what is the 
effect on a field that reinforces investigations of such variables as real vs imagi- 
nary money? 


PERFORMANCE 


Performance covers a variety of topics dealing with factors affecting in- 
dividual and group output and serves primarily as a convenient umbrella under 
which to gather a wide range of research. Theoretical and applied concern with 
performance remains high as does research output. We will attempt only to pro- 
vide the flavor of what seem to be primary interests. 


Social facilitation.—Credit must be given to Nicholas Cottrell (25) for his 
methodological and conceptual treatment of recent theoretical advances in the 
study of social facilitation. Cottrell outlines the developing relationship between 
data and theory with attention to methodological issues. The old question, 
“What is the effect of the mere presence of other individuals upon the perfor- 
mance of the single individual?” (27) remains a source of research interest. How- 
ever, no clear statement regarding the inconsistency of results had been made 
until Zajonc (135, 136) proposed an hypothesis which can account for a number of 
conflicting data. Zajonc maintains that the mere presence of another individual 
whether co-acting or observing increases the general drive state and therefore the 
likelihood that the dominant response will be made, assuming that a higher drive 
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state inhibits the acquisition of new responses. Receptivity to the idea has been 
favorable and research is likewise supporting (Tolman 119, Zajonc et al 138, 
Matlin & Zajonc 81, and Zajonc, Heingartner & Herman 137). Cottrell (24) has 
proposed that the presence of others is a learned source of drive and not an innate 
biological drive. Cottrell compared an alone condition with an observed and a 
blindfolded observer condition. Although blindfolded others are in the mere 
presence of the subjects (as Zajonc stated), subjects’ performance did not differ 
significantly from the alone condition. Cottrell suggests that the presence of 
others is drive inducing to the extent that they are perceived as being evaluative. 
Henchy & Glass (56) and Paulus & Murdock (96) support Cottrell’s qualifica- 
tion by reporting greater social facilitation effects when the subject is told that he is 
being evaluated by experts. It is assumed that at birth the mere presence of an- 
other individual is motivationally neutral and that drive is learned through social 
experience. 


Task performance-—Performance research has been singularly concerned 
with task, group size, and group composition. The notions of group member 
interaction and the interaction between group composition and situational vari- 
ables such as task meaningfulness have received less attention. The researchers 
on group performance have been well socialized in the S-R or S-O-R paradigm. 
There are, however, a few worthy attempts to conceptualize and operationalize a 
multivariate approach. O’Brien & Owens (94) found that group productivity is a 
function of thé interaction between member ability, interpersonal relations, 
position structure, and kind of task. Contrary to laboratory expectations, 
Freidlander (42), studying 12 work groups in a research organization, found that 
group effectiveness was correlated negatively with occupational and educational 
level, heterogeneity, and group size. Tuckman (120) attempted to demonstrate 
the interactive and additive effects of group heterogeneity on task structure. 
Groups of intermediate heterogeneity displayed less tendency to structure their 
tasks and outperformed homogeneous groups. Naylor & Dickinson (92) ex- 
amined the relationship between task structure and task organization on task 
performance and found that task structure was the more powerful in influencing 
achievement, consistency, and matching. The importance of variations in task 
structure alone was the topic of several multivariate studies (Hackman 50, Alt- 
man 2, and Morris 88). 

There has been a dearth of literature in the group performance area which 
considers changes over time. Group performance may be conceptualized as a 
process with variables which influence one another in dynamic feedback patterns. 
Laboratory research has been important in recognizing the large number of task, 
motivational, leadership, and personality variables; however, what now seems 
to be needed are constructs which will begin to integrate the myriad relevant 
variables into predictable and exploratory patterns capable of explaining trends 
over time. 


Risky shift-—Individuals have been shown to choose riskier alternatives 
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when making decisions in a group than w=en deciding alone. Perhaps because the 
risky shift is counterintuitive (i.e. Why-2 130, Allport 1) and offers so many 
possible interpretations, it has become one of the most active research areas 
concerned with group process. The risky shift paradigm is regarded as a carefully 
controlled, standardized method of viewimg the essence of a group’s effects upon 
individual attitudes. The issue has stimule-ed research from widely disparate posi- 
tions including leadership (Marquis 79, Wallach, Kogan & Burt 124), diffusion 
of responsibility (Pruitt & Teger 99, Seccrd & Backman 108, Wallach, Kogan & 
Bem 123), and familiarization (Bateson 12, Flanders & Thistlethwaite 40). When 
so many studies are generated simultanezusly there is less opportunity for inter- 
researcher communication and evaluation. For those interested in a recent review, 
Dion, Baron & Miller (30) have writter. an excellent chapter nicely organizing 
theory with data. 

An early explanation of the risky shift was responsibility diffusion. The inter- 
vening mechanism proposed was that, to reduce fear of failure, individuals would 
diffuse their responsibility by forming aff=ctive bonds with other group members. 
Although responsibility diffusion remains theoretically alive, the mechanism of 
affective bounds has not fared well. Dien, Miller & Magnan (31) and Vidmar 
(121) found that less cohesive, more heterogeneous groups exhibited a greater 
risky shift than did cohesive and homogeneous groups. 

Leader behavior has also been proposed as the cause of risky shifts, pre- 
sumably because leaders prefer riskier alternatives and infiuence others. The 
research investigating this explanation hes provided only weak support and has 
typically employed indirect correlatiocs between riskiness and persuasion. 
Research directed at manipulating leadeship as a controlled variable or directly 
assessing the effects of the influence procsss is Jacking. 

Empirically, the best supported expEnation of the risky shift was proposed 
by Roger Brown (17). According to Brova, risk is a value in our culture. Levinger 
& Schneider (72) and Pilkonis & Zanne (97) reported that individuals typically 
select odds riskier than their own when a=ked to select a level of risk taking which 
they most admire. Madaras & Bem (78 found greater preference for risk than 
for caution on items which were found to produce a risky shift. The two mecha- 
nisms which Brown proposed are: (a) inc-viduals perceive themselves as relatively 
risky; and (b) given relevant informatica about others’ risk level, shift to posi- 
tions of greater risk. Evidence that indi.iduals perceive themselves as relatively 
risky has been presented by Willems (131), Baron et al (10), Hinds (58), and 
Levinger & Schneider (72). 


LEADERSHIP 


The attempts to isolate consistent Eadership traits in the 1930s and 1940s 
were somewhat disappointing. The situational approach employed in the 1950s 
likewise failed to provide a meaningful analysis of leadership. Increasingly as 
Hollander & Julian (59) noted in their ezcellent review, the leader is viewed as a 
central element in a process involving interactions between leader, group, and 
task. 
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Fiedler (37), in his contingency model of leader effectiveness, takes a process 
approach. He consistently finds interactions between leader-member relations, 
task structure, leader power, and leader’s least preferred co-worker (LPC) 
rating. Fielder’s research, in addition, takes place both in the lab and field, 
across cultures, and in many leader-member settings. His ideas have generated 
considerable research activity (Hill 57, Fishbein, Landy & Hatch 38, Shima 109, 
Katzel et al 66). Two studies even returned to the trait approach in hunting for 
personality correlates for least preferred co-worker ratings; Jacoby (61) corre- 
lated high LPC with creativity, and Mitchell (86, 87) reported a positive correla- 
tion between LPC and cognitive complexity. 

Fiedler, however, has not escaped from criticism. Graen and co-workers, (48) 
ina careful, critical review of the contingency model, noted a number of methodo- 
logical and statistical problems. Fiedler’s procedure, according to Graen et al, 
involves partitioning and assigning weights to variables in such a way as to sup- 
port the model. The model then becomes less sensitive to other relevant variables 
and disconfirming results. 

Research on leadership style in the Lewin and the Lippit & White (75) tradi- 
tion has been sparse in the last 5 years. One cross-cultural study by Meade (83) 
employed the same procedure as Lippit & White. Hindu boys were found to have 
higher morale with authoritarian leaders than with democratic leaders. A study 
by MacDonald (77) indicated that a dominant leader induced quicker behavior 
modification of delinquency acts with Job Corpsmen, but a more democratic 
style concerned with group demands superseded dominancy in delinquency reduc- 
tion when measured later. 

Leadership research, more than other areas of group dynamics, seems to have 
suffered in the laboratory. Among the more commonly encountered problem 
areas are: (a) leaders often have control over important resources which moti- 
vate joining and remaining in groups; (b) the relationship between leader and 
followers is longitudinal—it takes time for group goals, leader abilities, and 
situational variables to synchronize into a working relationship; (c) most leader- 
ship situations are in the context of one or more larger organizations which im- 
pose demands and restrictions on leader-member relationships. The above con- 
siderations lie outside the normal laboratory settings of short duration, arbi- 
trarily assigned leaders, and little leader power. The dynamics found in the field 
are necessary for a full conceptual understanding of leadership. 


ENVIRONMENTAL PSYCHOLOGY 


Five years ago Gerard & Miller discussed animal studies of dominance as a 
subheading under power structure, which was itself a subheading under struc- 
tural characteristics of groups. This initial concern with territoriality and domi- 
nance, in humans and other animals, has both broadened and grown sufficiently 
so that today it seems reasonable to talk of an area termed environmental psy- 
chology. Like many new fields, it has emerged in the interstices between more 
traditional ones: ethologists, anthropologists, psychologists, architects, and 
planners have grouped studies around a common concern with how the environ- 
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ment shapes and is shaped by behavior. Since the bulk of these studies involve 
group behavior, it seems appropriate to recognize the field here. 

New fields are often first heralded in popular books and conference proceed- 
ings. Certainly Robert Somner’s Personal Space: The Behavioral Basis of Design 
(112) and Edward T. Hall’s The Hidden Dimension (51) are undergraduate best 
sellers. And both authors contributed to the International Symposium on The 
Use of Space by Animals and Men. The papers from this symposium have been 
edited by A. H. Esser and are published as Behavior and Environment: The Use of 
Space by Animals and Men (34). While there is much of interest here, the student 
of group dynamics will likely find Irwin Altman’s (3) contribution of special 
interest. Altman and his colleagues have been concerned with environmental 
psychology far longer than most; thus his statement here, distilling much of their 
work, is both welcome and wise. Architects occasionally have a tendency to see 
design as the sole determinant of behavior; Altman, on the other hand, views 
environment as both an independent and dependent variable, one that not only 
affects and constrains but also serves as a medium of response and communica- 
tion. 

Social Psychology was the title of two books published in 1908. Thus, a com- 
mon argument runs, the field was established in that year. By an analogous argu- 
ment, environmental psychology could be dated from 1970, for that is the date of 
publication of Environmental Psychology: Man and His Physical Setting, edited by 
Proshansky, Ittleson & Rivlin (98). This handsome book contains 65 articles, 
with over 750 references in the author index. It is a fine first stop for anyone who 
wonders what environmental psychology has been about so far. 


ENCOUNTER GROUPS 


Equaling concern with the nature of environmental effects on behavior is a 
burgeoning interest in interpersonal communication and understanding. Cer- 
tainly the area of small group endeavor which has generated the greatest affect 
and controversy is the Encounter Group or Sensitivity Training movement. 
The movement has exposed a large number of people, lay and professional, to a 
direct examination of the psychological processes occurring in groups and has 
received much publicity in both the public media and the journals. The process of 
sensitivity training or T-grouping has attracted both strong advocates and severe 
critics among psychologists. Carl Rogers (103), for example, presents a strong 
case for the potential benefits for participants in encounter groups, while Sigmund 
Koch (69) paints a dark picture of the threats to human dignity and personal 
worth inherent in the course of encounter. Other discussions of the theory and 
practice of sensitivity training can be found in Egan (33), Lakin (70), and Aron- 
son (7). Egan has also edited a useful collection of basic readings (32). 

Whether advocates or opponents of sensitivity training, discussants agree 
that the experience itself has high impact and arouses strong affect in participants. 
Disagreement centers on (a) the exact processes which occur in groups; (b) the 
effects of trainer style and actions; and (c) the long-term effects of the experience 
(or whether there are long-term effects). The problem facing the evaluator is not 


THE STUDY OF SMALL GROUPS 349 
an absence of research reports but an absence of quality in research. Campbell & 
Dunnette (20) give an excellent review of the methodological and statistical limi- 
tations which seem endemic to studies of T-groups. Among the more serious 
difficulties are inadequate (or totally absent) control groups, unwarranted causal 
inferences from correlational data, and reliance on subjective self-report or possi- 
bly biased ratings by peers, subordinates, or supervisors. 

We should hasten to note that the problems with research in this area are not 
a function of the competence of the investigators but rather reflect the almost 
insurmountable methodological and ethical obstracles inherent in the situation. 
Controlled experiments involving deception and manipulation of outcomes or 
interactions, which could answer many vital questions, would be ethically ques- 
tionable at best, and could represent an unwarranted infringement of individual 
freedom and privacy with potentially disastrous results. Within correlational 
designs, choosing appropriate control groups, defining meaningful and valid 
outcome criteria, developing valid and objective categories of in-group behavior, 
obtaining a sufficient N, and assessing the generality of findings all contribute 
to making the researcher’s lot an unhappy one. Morton Lakin (70) provides 
an insightful and sympathetic discussion of these and other pitfalls facing 
the student of encounter groups. 

The research picture is not totally bleak, however. The awareness and dis- 
cussion of problems inherent in T-group research seem to be resulting in more 
innovative approaches. For example, Marvin Dunnette (20), who has provided 
much of the best methodological criticism of T-group research and who could 
only be described as a skeptic, found, in a well-designed study using multiple 
trainers and groups, that T-groups do indeed tend to increase empathy and inter- 
personal understanding. In other studies, Tart (118) and Shapiro & Diamond 
(107) report significant increases in hypnotic susceptibility as a result of T-group 
training. These latter results represent the use of a relatively well validated mea- 
sure to indicate changes in basic trust. 

There seems to be reason for hope that the next few years will produce enough 
valid data to enable a more accurate evaluation of T-group effects. In particular, 
if some consensus can be reached on criteria for assessing the effects of training, 
it may be possible to accumulate a sufficient archive of data to enable investiga- 
tors to make stronger statements and to generalize findings. One of the most 
promising lines of research would seem to be the application of techniques of 
systematic observation to the study of group process. Such studies should lead to 
the uncovering of causal relationships in the multivariate group environment. 
Here in particular the application of path analysis and crosslag correlations to 
longitudinal data from groups should be invaluable. In any event, this area will 
undoubtedly receive a sizable proportion of the research energy available in the 
near future. 


POSTSCRIPT 


Summarizing the research reviewed (or not reviewed) in an area as diverse and 
loosely linked as the study of smali groups is a practical and theoretical impossi- 
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bility. Let us close instead with a few predictions of the directions research may 
take in the next few years (predictions which may be handily disconfirmed in the 
next assessment of the area). 

It seems likely that increased emphasis will be placed on studies of processes 
within groups and on the interactions of multiple situational and individual vari- 
ables over time. Given the proliferation of variables determined to influence 
individual and group behavior and the often conflicting results generated by 
studies examining only one or a few aspects of group behavior, more and more 
investigators may be motivated to turn to multivariate, longitudinal research. 
Such a shift in approach may bring more unity to the area of attraction, new life 
to the study of leadership, and more understanding of the complexities of inter- 
personal communication and influence. Further, it seems likely that variables 
regarded as both relevant and admissable in the study of group processes will 
continue their drift in a cognitive direction. Much S-R vocabulary remains in 
evidence of course. Still, a drive to reassert cognitive models and to accept cogni- 
tive phenomena as worthy of study is quite discernable. 

Much future research is likely to be nonexperimental, involving the systematic 
study of natural groups over time. This does not imply that we feel that labora- 
tory investigations will die out or become moribund, but rather that there will be 
a realization of the limitations of the laboratory in providing complete informa- 
tion about long-duration, complex interactions from brief investigations of 
highly restricted subject populations. Hopefully, researchers will achieve compe- 
tence in utilizing both laboratory and field techniques in coordination to bring 
order or at least understanding to a multivariate universe. 
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It has long been known that human behavior is a function of characteristics 
of both the physical and the psychological environments. Koffka (108), for 
instance, distinguished between the geographical and the behavioral environ- 
ment. The behavioral depends on the geographical; behavior depends on both. 
The geographical environment consists of both physical and man-made parts. 
Culture has been defined by some anthropologists (e.g. 88) as the man-made part 
of the human environment.? Thus, if we are to understand the determinants of 
behavior, we need to understand how culture influences it. In spite of the obvious 
importance of cultural variables in the determination of human behavior, this is 
the first time that the Annual Review of Psychology has examined the literature 
which connects psychology and culture. 

Aspects of this area have been reviewed elsewhere (36, 50, 51, 62, 92, 97, 160, 
163, 181). Several books of readings (2, 21, 113, 140) have sampled the field. 


RATIONALE FOR Cross-CuLTURAL STUDIES 


Cross-cultural research may be conducted for a variety of reasons: to check 
the generality of psychological laws; to increase the range of our observations on 
variables of interest; to determine the variations found in subjective culture 
variables in different settings; to take advantage of natural experiments involving 
combinations of variables that cannot be obtained in the laboratory; to study the 
manifestation of psychological variables in different cultural contexts; and to 
study cultures for their own sake (105, 174). Such research can serendipidously 


1 Preparation of this review was supported in part by Social and Rehabilitation 
Service Grant 15-P-55175/5, Department of Health, Education, and Welfare. The 
review of the literature stopped on February 1, 1972, and unfortunately some of the 1971 
periodicals did not reach us by that date. Due to limitations of space we refer to only 
about one quarter of the relevant literature. A review with better coverage of the litera- 
ture was published by Triandis, Malpass & Davidson (170). We wish to thank Martin 
Fishbein and Richard Brislin, who made helpful comments on an earlier draft. 

$ The human environment is not the same as the behavioral or the geographical. 
When we refer to culture we consider the human environment in the broadest terms so 
that it includes every aspect of man’s ecology. The behavioral and geographic environ- 
ments are relevant to individuals; e.g. 2 person walking the streets of New York has only 
those streets as his geographic environment. 
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lead to new insights (31) about psychological principles and to laboratory studies 
to check these insights (e.g. 50). 

To put it another way, one assumption of much psychological work is that the 
processes under study are invariant across time and place. This assumption is 
being challenged by cross-cultural psychologists and the challenge seems valid 
(117). Cultural factors often require that we qualify our theories. For example, 
the developmental theory of Piaget may have to be modified to account for 
“regressions” which appear to occur because members of certain cultures acquire 
certain magical beliefs. Specifically, Heron (87) showed that Zambian children 
displayed a wide range of individual differences in locally developed psychometric 
instruments that predicted school achievement; yet children that demonstrated 
‘weight conservation did not differ on these valid tests from children not demon- 
strating this ability. Apparently even highly intelligent children, who perform 
well in school, are unable to solve Piaget-type problems due to the interference of 
‘magical beliefs. One way to respond to such data is to argue that the stages of 
cognitive development are invariant across settings but they are incorrectly 
tapped by the particular tests. Another way is to broaden the theory to make it 
capable of accounting for such findings. 


METHODOLOGICAL PROBLEMS 


We will here note only a few of the major methodological problems of cross- 
cultural research; more extensive discussions can be found in (18, 122, 141, 142, 
170). The methodological difficulties of cross-cultural research are numerous 
(129, 170, 174). Two major types of such research can be distinguished: (a) 
studies which attempt to determine the generality of a psychological law, or the 
universality of a phenomenon; and (4) studies showing differences in laws or 
phenomena between societies. The former type of study is no more difficult than 
ordinary within-culture research; the latter type is much more difficult than 
ordinary research. Specifically, if one obtains similarities across cultures in spite 
of differences of language, instrument administration, etc, the phenomenon must 
be reasonably robust, but to establish that there is a difference in either the law or 
the phenomenon one must exclude a myriad of rival hypotheses which could 
account for the observed differences. In experimental work the random assign- 
ment of subjects to experimental conditions eliminates most of these rival hy- 
potheses; in cross-cultural work random assignment is usually meaningless. 
Thus, if the abilities of two racial groups are compared, for instance, there are 
innumerable rival hypotheses concerning differences in performance which have 
little to do with the level of abilities per se, e.g. differences in motivation, experi- 
menter biases, anxiety-ability interaction, comprehension of instructions, 
familiarity with test materials, differential reliability and validity, response sets, 
etc. Most studies comparing abilities across racial groups are methodologically 
so poor that they should not have been published. Yet not only have they been 
published in large numbers, but they have even been uncritically and favorably 
reviewed (e.g. 99) and employed as a basis for public policy. Labov (111), in a 
sound and devastating criticism of minority testing, presents data which suggest 
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that motivational factors account for most of the observed differences in test 
performance. Sherwood & Nataupsky (151) showed that the conclusions of in- 
vestigators in this area can be predicted from seven biographical items! This 
unfortunate state of affairs must be corrected within psychology before pressures 
from the outside make all cross-cultural work impossible. 

Another distinction is that between etic and emic studies (18, 139). The emic 
approach attempts to obtain the best possible description of a phenomenon oc- 
curring in a particular culture, utilizing concepts employed only in that culture. It 
is the most accurate description of the phenomenon. However, emic data cannot 
be compared across cultures, because by definition the concepts developed in a 
single culture may not be universal. The etic approach studies a phenomenon by 
utilizing universal concepts. Such concepts are often approximations of emic con- 
cepts, but being universal they are suitable for comparative work. A major prob- 
lem with much cross-cultural psychological work is that it utilizes a pseudoetic ap- 
proach, i.e. emic measures (usually made in the USA) are assumed to be etic. 
Instruments based on American theories and items reflecting American condi- 
tions are simply translated and used in other cultures. Translation is a very 
difficult problem and requires special solutions (23, 179). The emphasis on 
decentering of concepts is particularly valuable in this context. Beyond the 
problems of translation, when measurements are applied outside of the popula- 
tion in which they were developed, mean differences between cultural groups are 
essentially uninterpretable in the absence of demonstrations of similarity (29). 

Such similarity can be demonstrated in different ways. First, it is possible to 
follow exactly the same procedures in each culture and develop different measures 
appropriate for each culture and show similar patterns of correlation among 
scores on a given instrument and other variables in the several cultures. Similar 
construct validity can be a convincing argument of demonstrated similarity in 
the meaning of the measures. More specifically, if a variable is related to several 
other variables in the same way in two cultures, and to just one variable in a very 
different way in the two cultures, we can consider that the latter variable provides 
us with data on a cultural difference. Or, if there is a strong pattern of similarity 
among some variables, but there are cultural differences in the levels of these 
variables, again we have reasons to believe the observed differences. For exam- 
ple, if ability and school performance measures show similar patterns of correla- 
tion, and there is a difference in the level of both the ability and performance 
measures for two cultural groups, we may conclude that there is a difference 
between the two groups. Second, a variety of experimental manipulations might 
be introduced which result in the cultural groups behaving in a similar fashion. 
Then it is possible to specify what needs to be done to “equate” the performance 
of two cultural groups. This approach (see 39, 40) has strength in that it makes 
the cultural differences describable in terms of the experimental operations that 
are needed to equate the performance of two groups. 

The problem of use of inappropriate items is particularly critical in the area of 
ability tests. Wober (187) has convincingly argued that much of this work is 
centricultural (how do they do our tricks) instead of cross-cultural (how do they 
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do their tricks). Irvine (93) has discussed well some of the problems of ability 
measurement in Africa. 

Gordon & Kikuchi (79) emphasize theimportance of etic measurement in the 
development of personality tests. They aBo point out that checks of relevance, 
acceptability of test items, meaningfulness of the test format and directions, and 
differential susceptibility to response sets should be performed on the items to be 
scaled in each culture before undertaking the major task of scale standardization. 
They also point to the need to examine tae item factorial structure in each cul- 
ture. Werner & Campbell (179) correctly point out that the item pool should be 
developed in both directions; Berrien (143 agrees, but Gordon (78), in his reply 
to Berrien, is unduly concerned about tre presence of items which are culture 
specific. If these items are emic they will “orm their own factors; if they are etic 
they will form etic factors and increase the reliability of the measurement of these 
factors. 

Several methods are helpful in the extraction of etic factors. Specifically, 
componential analysis (72, 76), facet analvsis (68, 83), feature analysis (133), and 
factor analysis (131) may be employed fo discover etic patterns in emic data. 
Multidimensional scaling results in emic data, but inspection of the factors may 
suggest similarities across cultures (178). 

Culturally determined response sets such as a tendency toward acquiescence 
(86), a tendency to employ the middle of ascale (80, 189), or differential influences 
of the test format (85) further complicate cross-cultural research and require 
careful controls. 

Another strand of cross-cultural studies utilized the so-called cross-cultural 
method developed by Whiting & Child (182). Using societies instead of indi- 
viduals as the units of observation, the method relies on content analyses of 
reports assembled in the Human Relations Area File (HRAF). Naroll (128) re- 
viewed studies that utilize this approack; Ford (71) published readings which 
criticize and advocate the use of these files. Several problems associated with 
such research have been discussed. For example, the kinds of samples drawn from 
the HRAF may influence the results, as was demonstrated by Chaney & Revilla 
(34). The observations are statistically nonindependent, due to cultural diffusion, 
but Smith & Crano (154) described a solution to this problem. 

Guthrie (82) has shown that much caution is necessary when utilizing the 
cross-cultural method. While many of th2 correlations computed by Whiting & 
Child were consistent with their derivations from psychoanalytic theory, Guthrie 
showed that many other equally sizable and theoretically embarrassing correla- 
tions exist in the complete matrix of ictercorrelations. Rohner & Katz (145) 
proposed more elaborate tests of interrater reliability and discriminant validity 
with such data. 


CoNCEPTUAL FRAMEWORK 


Most of the data of human psychology consist of observations of some sort of 
human behavior. The task of psycholog-sts is to discover relationships of vari- 
ables from the (a) geographical environment (such as particular stimulus con- 
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figurations) and/or (b) the social environment (such as characteristics or be- 
haviors of the Other Person) with observations of individual behavior. To account 
for regularities in these relationships, psychologists have utilized hypothetical 
variables such as abilities, acquired behavioral dispositions such as attitudes (28), 
social structural determinants such as roles, and personality dispositions. Triandis 
et al (174) have discussed acquired behavioral dispositions that reflect social 
structural determinants under the rubric of “subjective culture’—a cultural 
group’s characteristic way of perceiving its social environment. The latter in- 
cludes attitudes, norms, roles, values, expectancies and other constructs. 

Social structural influences can be considered from both the perspective of a 
particular social group and the individual subject. For example, members of 
groups prescribe what behaviors are appropriate for persons holding particular 
positions in such groups. Such prescribed roles are communicated only imper- 
fectly to each role holder who develops subjective roles reflecting the prescribed 
roles; his enacted roles are imperfectly related to his subjective roles. Thus a dis- 
tinction between social structural variables such as prescribed roles, subjective 
culture variables such as subjective roles, and behaviors consistent with the 
subjective culture variables is necessary to take into account the complexity of 
human behavior. 

From these considerations it follows that six classes of variables need to be 
examined when relating culture and psychology, as demonstrated by the following 
equation: 


B = f(A, SC, PD, E, SS, O) 1. 


Equation 1 states that Behavior (B) is a function of the person’s abilities (A), sub- 
jective culture (SC), and personality predispositions (PD). Some variance may 
also be traced to the physical environment (E), the social structure (SS), and the 
Other (O). 

The six independent variables of Equation 1 are contemporaneous. However, 
in much of the literature we find historical E, SS, and O variables that act as 
independent variables for A, SC and PD variables. Thus, in some cases the his- 
torical variables are the distal independent variables, and the A, SC, and PD 
variables are the proximal independent variables that determine the observed 
behavior. In some studies both a historical and contemporaneous E variable may 
be employed, giving two sets of independent variables. For example, Segall, 
Campbell & Herskovits (148) assume the degree to which the environment has 
many right angles (a historical variable called carpenteredness) influences the 
person’s predisposition to see the angles in the Müller-Lyer illusion as right 
angles (a contemporaneous predisposition which is a component of his ability to 
make perceptual judgments) so that the Miiller-Lyer materials (contemporaneous 
E-variables) are responded to differently. Or, the mother’s behavior over time 
(historical O-variable) influences the child’s personality disposition, while the 
mother’s contemporaneous behavior has an additional influence on the child’s 
behavior. 
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Our overview of the literature suggests That in most studies Band O variables _ 
have historical meaning and SS variables contemporaneous meaning. When this 
is not the case we will qualify our references to E, SS, and O-variables to indicate 
that the infrequent version of the variable is employed in the particular study. 

In the sections that follow we first list (Table 1) one or two studies that investi- 
gated each of the six independent variables of Equation 1 in cross-cultural per- 
spective. This will give an overall view of the field. Second, we focus on the proxi- 
mal independent variables of Ability, Sutjective Culture, and Personality Pre- 
disposition. Within each section we classify studies according to the distal vari- 
ables (E, SS, and O) which act as independent variables in studies in which the 
proximal variables (A, SC, PD) are the desendent variables. This approach will 
allow the reader to see what cells of the conceptual framework are over- and 
under-researched. Table 1 provides an Overview of Studies which have been done 
with the above variables as foci. 


TABLE 1. Overview or STUDIES 


A—Person’s Abilities E—Physical Environment 


Intelligence, e.g. verbal, numerical, spacial 
abilities (93, 94, 187) 

Perceptual style (16, 186) 

Perceptual skills, e.g. pictorial depth (90) 

Susceptibility to illusions (148) 

Cross-cultural tests of models of information 
processing (166, 183) 

Thinking (40, 74) 

Cognitive development (70, 77, 81, 138) 

Mora! development (24, 25, 162) 

Cognition (21) 


SC—Person’s Subjective Culture 


Meaning (131, 132, 134) 

Attitudes, e.g. toward modernization (47, 91) 

Intergroup attitudes (32, 67) 

Aesthetic judgments (37, 95, 96) 

Norms--appropriate behaviors, customs; 
social distance (22) 

Interpersonal distance (84, 115, 155) 

Subjective roles (69, 169, 173) 

Beliefs, stereotypes, categorization (coding 
of experience) (30, 61, 63, 124, 177) 

Studies of the relationship between attitudes 
and behavior (66, 167) 

Cross-cultural training (35, 64) 

Values (12, 13, 54, 106, 109, 168) 


PD—Personality Dispositions 


Self-image in cross-cultural perspective (6) 

ua (4, 114, 176) 

Authoritarianism (102) 

Alienation—suicide e 100, 101, 119) 

Conformity-adjustment to change (17, 73) 

Mental illness, psychopathology (3, 58, 116, 
127) 


Resources-—-types of economy (e.g. hunting, 
gathering, fishing, farming) (16, 17, 46, 47) 

Characteristics of (flat, mountainous, bar- 
ren, carpentered, Le, has high frequency of 
right angles) (148) 

Climate (118, 180) 

Physical distance—between people (9, 84); 
between tribes (22) 


SS—Social Structure 


Social class-—education, occupations, family 
background, income (91, 109) 

Prescribed roles—age, sex, race, family 
membership (125) 

Family organization—birth order, family 
structure (33, 125) 

Patterns of socialization (125, 137) 

Development—economic (22, 45-47, 50); 
cultural (educational) (91) 


O—Other Persons 


The same variables listed under A, SC, and 
PD can be applied to O, but also additional 
interpersonal variables or variables reflect- 
ing behavior in groups have been investi- 
gated, such as 

Recognition of emotion (59) 

Similarity of P and O (165, 175) 

Influence attempts and attitude change (184, 
185) 

Leadership behaviors (123) 

Behaviors dividing resources among group 
members (104) 

Intergroup behavior (44, 52) 

Behaviors in game situations (104, 136) 





PSYCHOLOGY AND CULTURE 361 


-ABILITIES 


Environmental Antecedents of Perception 


The major study in this area is by Segall, Campbell & Herskovits (148). They 
formed hypotheses based on Brunswick’s concept of ecological cue validity (27) 
that predicted illusion susceptibility as a function of characteristics of the visual 
environment. They proposed, on the basis of an ecological cue validity theory, 
that persons living in “carpentered” environments, i.e. environments with ex- 
tremely common occurrences of right angles, would be more susceptible to cer- 
tain geometric illusions (e.g. the Miiller-Lyer) than persons whose visual environ- 
ment contains few carpentered objects. Likewise, persons exposed to overland 
vistas should be more susceptible to perspective illusions (e.g. horizontal-vertical ; 
Lor T) than persons without such experience. In general, they found that Western 
populations were more susceptible to the Miiller-Lyer illusion, but less to the 
horizontal-vertical illusion than were non-Western (African) populations. Sup- 
port was stronger for the former than for the latter. The strong form of the 
environmental hypothesis was not tested, as measurements on the environment 
were not employed in the study. The methodological and conceptual contribu- 
tions of this research are considerable. The pattern of illusion susceptibility 
makes it “impossible to employ an all-encompassing explanation such as simple- 
ness of mind, suggestibility, or educational level per se to account for their find- 
ings” (43). Partially because of this work the distinction between the operation of 
a mechanism or process as an antecedent of present perceptual performance and 
the development of such mechanisms is made more clearly here than in other 
areas of cross-cultural psychology. In this research strand, when developmental 
questions are pursued, the process by which the disposition developed results in 
the observed behavior is more carefully specified. This is perhaps because in the 
study of perception the methodology and explication of rival hypotheses is further 
advanced. Almost no one would now consider a study documenting a perceptual 
response difference between two populations without some relatively explicit 
discussion of the mechanisms which relate social structural differences to the 
perceptual response differences. By way of contrast, this sort of comparison—but 
usually without discussion of the mediation of differences—is by far the most 
popular category in cross-cultural work in socialization and personality. 

For the perspective illusions the classes of variables called upon for explana- 
tion are environmental, determining the observer’s cue utilization habits (148) 
which then influence illusion susceptibility. For the geometrical illusions, the 
person disposition is again a set of cue utilization habits, namely orthogonaliza- 
tion of angles, and derivative relative size judgments. The environmental variable 
in this latter case, carpenteredness of the environment, is man-made and is there- 
fore potentially related to variables of social structure that either mediate the 
development of the disposition, or underlie both the disposition and the carpen- 
teredness of the environment. 
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Environmental Antecedents of Social Structural Influences on Perception 


There are many hypotheses concerning how increased susceptibility to the 
Müller-Lyer illusion, and the perceiving of three-dimensionality from two-dimen- 
sional displays, can arise from attributes of these social structural variables other 
than from the frequency with which the perceiver has seen carpentered objects. 

One hypothesis is that education, modernization, and urbanization (all SS 
variables) increase the sophistication (42) of subjects, altering their attention or 
stimulus scanning habits (43), leading to greater accuracy in judgments. Since 
these SS variables are also antecedent to the E variable (carpenteredness) the two 
explanations of illusion susceptibility are confounded (20). Another hypothesis 
suggests that such variables as the strictness of the mother in socializing the child 
(46), or lack of ecological requirements for independence of judgment (50), cause 
the development of field dependence, which increases illusion susceptibility. In 
general, the generality of this effect across illusions remains yet untested. The 
ecological requirements of agricultural societies favor field dependence to a 
greater extent than do the requirements of hunting societies, This set of relation- 
ships has been extended to include nutritional antecedents of endocrinological 
syndromes which either (a) in conjunction with dispositions of the mother lead to 
harsher treatment of male children, and therefore greater field dependence (46), 
or (b) lead to greater field dependence through more direct endocrinological 
effects on cognitive/perceptual processes (50). This highly integrative approach, 
spanning classes of bio-social variables, seems an important one to develop fur- 
ther. 

Another possibility, again confounding the carpentered world explanation 
(50, 98), is that illusion susceptibility is inversely associated with pigmentation 
of the fundus oculi, which decreases ability to detect contours. Berry (20) reports 
higher correlations of skin color with illusion susceptibility, when carpentered- 
ness of the environment is partialled out, than of carpenteredness with skin color 
partialled. However, as Dawson (50) points out, both skin color and carpentered- 
ness are confounded by variables such as modernity and urban residence. Ja- 
hoda’s (98) evidence indicates that among less pigmented samples the effect is 
color specific, red figures eliciting greater susceptibility to the Miiller-Lyer illusion 
than blue. Segall, Campbell & Herskovits (148) used partially red stimuli and did 
find the differences between Western (presumably less pigmented) and African 
samples reported above. This controversy has fallen into the trap of single method 
measurement (Miiller-Lyer illusion) of the underlying disposition (susceptibility 
to geometric illusions). This is particularly unfortunate since those using the 
Segall, Campbell & Herskovits materials could have had data on other illusions 
which could shed light on the generality of the relation of skin pigmentation to 
illusion susceptibility, and thus its importance as a confound in the carpentered 
world hypothesis. 

The final confounding explanation that should be ruled out before perceptual 
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explanations are advanced is that the response is due to social factors affecting 
the response decisions, as distinct from the “percept” itself (170). The procedures 
of Segall et al adequately deal with this problem. Other psychophysical ap- 
proaches toward the measurement and control of bias involve application of the 
Theory of Signal Detectability to recognition of faces of own and other race 
(121) and the ethnic identification of stimulus persons (56). 


Social Structural Antecedents of Classification, Learning, 
Memory, and Thinking 


A major study in this area is by Cole et al (40). Utilizing standard experi- 
mental psychological procedures, they explored the classification, learning, mem- 
ory, and thinking behaviors of samples of Kpelle, from Liberia, varying in age 
and educational attainment. A strong sensitivity to cultural determinants of 
experimental results led the authors to adopt experimental materials that were 
particularly appropriate for the cultures studied. American children were some- 
times tested with the Kpelle materials or according to the experimental proce- 
dures suggested by the Kpelle data. The data are complex and the authors are 
appropriately cautious. They conclude: “the cultural differences in cognition 
reside more in the situations to which particular cognitive processes are applied 
than in the existence of a process in one cultural group and its absence in another” 
(40, p. 233). 

Ciborowski & Cole (38) showed that different problems can be more or less 
difficult in particular cultures, depending on the cultural context of problem 
solving. The structure of the problem is the most important determinant of prob- 
lem solving level by a cultural group. The structure of the activity of the people 
under study must be matched with the experimental tasks. 


SUBJECTIVE CULTURE 
Social Structural Antecedents of Subjective Culture 


Categorization. —Humans give identical responses (as perceived by an ob- 
server) to discriminably different stimuli. This phenomenon is called categoriza- 
tion. Earlier reviews of the literature (163) established that categorization is uni- 
versal, but what is categorized varies from culture to culture. Extensive cross- 
cultural work has been done with color categories, primarily because it is possible 
to establish relationships between the physical character of the stimuli and the 
responses of the subjects. Much of this research is reviewed by Berlin & Kay 
(11), who also provide evidence in favor of the conclusion that there are semantic 
universals in color terminology and basic color terms are acquired in every culture 
in the same order. Although different languages encode in their vocabularies 
different numbers of basic color categories, there are exactly 11 basic categories 
from which the color terms of every language always draw. 

The basic sequence is: 
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oth 
` { yelow 
white yellow 
| — {red} > or 
black 
zen 
green 
purple 
pink 
— {blue} > {brown} — 
orange 
gray 


The authors show that all languages have terms for white and black, and if they 
have a third term it is red; if they have fou? terms it is yellow or green; if they 
have five it is both yellow and green, etc. They suggest that this is also the order 
of color term development in children. 


Cognitive schemata,— Categories become associated with other categories, so 
that distinctive cognitive schemata can be otserved. Members of different cultures 
utilize different schemata. For example, Shader, Sundberg & Tyler (150) showed 
that Indians emit more edibles when asked 19 “list 25 words that come to mind,” 
while Dutch children emit more building pas and Americans more school, play, 
and action themes. Szalay (e.g. 157, 158) has developed an approach he calls 
“Associative Group Analysis” to study dorinant cultural themes. 

Rankings of importance of life concerns znd life changes (144) show consider- 
able similarity across cultures, allowing us > pay more attention to the few ob- 
tained cultural differences. Triandis et al (168) examined the perceived ante- 
cedents and consequents of 20 value terms in Japan, India, Greece, and the 
United States, and found both similarities aud differences in the meaning of such 
value terms across cultures. For example, th= perceived antecedents of SUCCESS 
include high ability and patience in all cultexes, but Americans emphasize while 
Japanese de-emphasize devotion and hard work as antecedents of SUCCESS; all 
cultures see joy, pride, and satisfaction as consequences of SUCCESS, but while 
the Americans see achievement as an important consequence, the Greeks do not 
see such an outcome but instead emphasiz that /ove follows SUCCESS. The 
Indians see social distinction and vanity as high probability outcomes of SUC- 
CESS, while in the other cultures such connections are seen as improbable. 

The appropriateness of the distance betvzen two individuals in different kinds 
of social situations has been investigated by Little (115) in Europe and by 
Engebretson & Fullmer (60) in the orien= These studies confirm Hall’s (84) 
argument that in “contact cultures” it is appropriate to touch in public situa- 
tions, but in other cultures it is not appropr-ate to do so. 


Stereotypes —A particularly widely studied cognitive schema concerns the 
stereotypes of various ethnic groups. A mcst important paper by Campbell (30) 
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provided theoretical underpinnings consistent with the empirical findings of 
Triandis & Vassiliou (171) and Vassiliou et al (177). A review by Triandis (167) 
suggests that stereotypes change with world events, with the amount of inter- 
group contact, and the type of contact. Developmental trends were traced by 
Lambert & Klineberg (112) and Ghiglione & Beauvois (75). Certain aspects of 
the total stereotype are valid, as shown by Schuman (147) and Abate & Berrien 
(1). Tajfel (159) presented a theory concerning the stereotyping process and some 
experiments which support it. Tajfel et al (161) showed that children are at- 
tracted by pictures that a majority of them perceive as belonging to their own 
national group. The correlation of liking and national assignment drops with age. 


Affective meaning.—The largest cross-cultural study to date has been in 
progress since 1960 and will probably not be fully reported until 1980. Directed 
by Osgood (130-132, 134), it develops indigeneous (emic) semantic differentials 
in 25 locations around the globe. Factor analyses revealed an etic structure in 
these measurements. The study will result in an Atlas of Affective Meaning con- 
taining the mean evaluation, potency and activity (etic) scores, and several other 
statistics for about 500 words. The use of emic instruments which provide etic 
measurements is a major contribution of this study. 


Behavioral intentions and role perceptions ——A monograph by Triandis, Vas- 
siliou & Nassiakou (173) reports that four etic and several emic dimensions of 
behavioral intentions have been found in studies of Americans and Greeks. 
Association-Dissociation is relevant to interaction with ingroup vs outgroup 
members; Superordination-Subordination reflects differences in status; Intimacy- 
Formality reflects interpersonal familiarity; Hostility reflects competition among 
interacting members. Osgood (133) obtained similar etic factors using a different 
procedure. Role perceptions were also studied by Triandis et al (173) by examin- 
ing the responses of Americans and Greeks to emically developed instruments. 
Again the same four dimensions of behavior emerged. Two-mode factor analysis 
permitted examination of the structure of roles as well as the structure of be- 
havioral intentions. Roles are differentiated very clearly in Greece along the 
ingroup-outgroup dimension; such strong contrast is not obtained in the USA. 
This led to specific predictions of the behavior of American and Greek personnel 
directors when hiring employees recommended by a close friend or an unknown 
person. These predictions were supported by a highly significant interaction 
between culture and source of recommendation in Triandis & Vassiliou (172). 
Further studies (169) with data from 1800 respondents from five very different 
cultures suggest that each culture employs five or six emic behavior factors; 
inspection suggests that four of these are etic. In short, in every culture studied so 
far, emic factors such as Giving Love, Cooperation, Nurturance, and Lack of 
Hostility suggest the existence of an etic factor that might be called Solidarity. 
Other etic factors suggest Denying of Status (Control of the Other, Superordina- 
tion) and Intimacy (kiss, pet, have sexual intercourse with). Finally, a mixture of 
Solidarity and Status appears in emic factors such as Formal Social Acceptance, 
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Respect, and Submission. The etic dimensions suggest that we are here finding 
basic dimensions of social behavior which show both universality and phylo- 
genetic continuity, since Solidarity and Status are the major dimensions of anal- 
ysis employed by some animal social psychologists. 


Intergroup attitudes-—Campbell & LeVine (32) examined some determinants 
of intergroup attitudes, while Brewer (22) used some of their data to predict the 
social distance among East African tribal groups. The more similar the perceived 
similarity of the outgroup the lower was the social distance; the nearer and the 
more economically developed the outgroup the lower the social distance; dis- 
similar groups that are advanced are more attractive than other advanced groups. 
Interpersonal similarity in religion, age, sex, and other characteristics leads to 
attraction (165), but similarity in status has a complex relationship to attraction 
(175). 


Values.—Kohn (109) established important relationships between social class 
and preference for conformity versus independence in children. In both the 
United States and Italy upper middle-class parents stress independence and lower- 
class parents conformity. His theoretical analysis which relates demands of the 
job situation of the parents to child training and parental values is particularly 
interesting. 

Two research programs by Berrien (12, 13) and Gordon (79, 80) have con- 
centrated on the comparison of Japanese and American values with the Edwards 
and Gordon inventories, appropriately standardized. Berrien, Arkoff & Iwahara 
(15) explored the similarity in the values of parents and children of Japanese and 
American backgrounds, discovering a larger generational than a cultural gap. 

Diaz-Guerrero (54) discussed the passive-active orientation as a sociocultural 
premise. He argues that Americans are characterized by active coping while 
Mexicans are passive copers. He sees definite implications for mental health and 
economic development in these differences in coping styles. 


Modernization, acculturation, and social change —An important literature has 
recently developed around these concepts. Modern man is seen as having a differ- 
ent subjective culture than traditional man. One controversy concerns the extent 
to which the modernization syndrome is to be contrasted with the traditional syn- 
drome on a single dimension or on several dimensions. The work of Inkeles (91), 
Dawson (45, 47-50), Doob (55), and Kahl (103) utilizes a unidimensional concep- 
tion of modernity. By contrast, Schnaiberg (146) and Wober (188) find it neces- 
sary to use a multidimensional conception which allows a person to be modern 
on one dimension and traditional on others. This is a controversy strongly 
reminescent of the Spearman-Thurstone controversies, and it is very likely that 
the multidimensionalists will win. On the one hand, the pioneering work of the 
unidimensionalists provides valuable insights; on the other hand, Stephenson 
(156) criticizes the pseudoetic methodology of much of the modernization litera- 
ture. 
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Another research strand is focused around the work of McClelland (118), 
which attempts to demonstrate relationships between child-rearing patterns, 
human motives, and economic development. Pareek (135) proposed that eco- 
nomic development requires persons high in the need for achievement and ex- 
tension and low in the need for dependence. Need for extension is characterized 
by concern for others. Need for dependence includes the need for guidance and 
direction by others and the need to avoid initiative or supplying leadership. 
McClelland & Winter (120) suggested that need for achievement can be changed 
and changes in need structure can become manifest in entrepreneurial activity. 
Singh (152, 153) also documented this relationship. 

Methodological difficulties associated with McClelland’s work (reliability of 
the TAT measures, sampling, confounding of variables, demand characteristics) 
make further research necessary before we can accept these conclusions. 

Modernism can be measured, and certain antecedents such as the amount of 
education, socioeconomic status, and factory experience seem to be dependably 
associated with it. Certain kinds of child training methods are related to modern- 
ism. Much more needs to be learned, however, about both the multidimensional 
structure of modernism and its antecedents and consequences. Among the con- 
sequences are rapid increases in levels of aspiration and resulting dissatisfaction 
with attainment in life (48), marginality, alienation and social deviance (19, 100, 
101), lower self-esteem (190), and frustration (53). 


PERSONALITY DISPOSITIONS 


Environment via Social Structures Influences the Others Behavior and 
hence the Person’s Personality Dispositions (E -> SS -> O —> P > O -> PD) 


f Minturn & Lambert (125) suggest that E variables (physical structure of living 
space) and SS variables (number of children in the family, mother’s total role 
requirements) are important antecedents of the mother’s (O’s) behavior toward 
the child (P). Munroe & Munroe (126) found larger households among the Logoli 
of Kenya associated with more frequent care of infants in general (but less by the 
infant’s own mother) than smaller households. Another form of these relations is 
outlined by Dawson (46, 47). E variables (malnutrition) produce physiological 
effects (e.g. Kwashiorkor, and endocrinological disorders such as Gynaecomas- 
tia). These effects lead to male children of reduced responsiveness and more femi- 
nine body form (P). The latter, interacting with socialization practices (SS), 
elicited maternal behavior (O) different from that given other children, resulting 
in levels of field dependence (P) more typical of females in that society. This se- 
quence of relations incorporates Bell’s (10) suggestion that parents respond 
differently to genetically determined features of behavior of their children, such 
as variations in behavioral pacing and impulsiveness of the child; a P>O—P 
relation. 


Social Structure Influences Personality Dispositions 


Most cross-cultural studies of socialization and personality fall into this cate- 
gory. The weakest of these studies document a culture difference in behavior, fre- 
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quently with little theory or empirical data to aid in interpreting the richly con- 
founded differences. Others focus on the mediation of SS-O—P-SS relations. 
Caudill & Weinstein (33), studying child and caretaker behavior in Japan and the 
USA, expected that Japanese mothers would (a) spend more time with their 
infants, (b) emphasize physical over verbal interaction, and (c) have as a goal a 
contented baby. American mothers would (a) spend less time with the infant, (5) 
emphasize verbal over physical interaction, and (c) value a self-assertive baby. 
Trained observers from the local culture made 800 highly reliable observations ` 
per child. The major differences were cultural, with the Japanese higher than the 
American mothers on the observed frequency of presence of the caretaker, 
amount of positioning of the child, lulling and rocking. The Americans were 
higher than the Japanese in frequency of chatting, general activity, and playing. 
Other differences could be traced to the sex of the child and the occupation of the 
father. Finally, no differences were obtained on variables such as the frequency of 
feeding, on which there is no reason to expect cultural differences. 

Bronfenbrenner (24-26) investigated effects of a social structural variable 
(number of major socializing agents for P) together with intentions to reveal P’s 
resolutions of a series of moral dilemmas to various O’s (parents, peers) on the 
degree to which P’s choices conform to adult norms. He assumed that a child is 
more able to resist social pressure if he has been exposed to more than one major 
socializing agent. He will not be forced to give up a single source of security by 
making contra-adult decisions. Data were obtained in residential and day schools 
in the USA and USSR. Residential school students (a single socialization setting) 
gave more adult approved resolutions than day school students. When told that 
their responses would be seen by their peers, subjects produced more adult 
resolutions in the USSR. By contrast, in the USA this instruction produced very 
few adult resolutions, and high rates of such resolutions were obtained only when 
subjects were told that their responses would be seen by adults. 


Other’s Behavior as an Antecedent of a Person’s Disposition and Behavior 


Some studies differentiate the SS—P relation: SS—(P/disposition)—>P be- 
havior (143). Others have differentiated SS—(O/behavior)—(P/disposition) 
—(P/behavior). Amir, Sharan & Kovarsky (4) developed hypotheses concerning 
rates of volunteering for officer training in the Israeli Defense Forces on the basis 
of an examination of the family structures of subgroups in Israel. On the basis of 
Schachter’s hypothesis that firstborn sons, particularly in nuclear families, de- 
velop a need for affiliation as an anxiety reduction mechanism, and an analysis of 
the status accorded the firstborn in Middle Eastern extended families, they pre- 
dicted that (a) firstborn sons would show less anxiety avoidance, and therefore 
more volunteering for officer training, than would later born sons; that (b) this 
difference would not occur in Middle Eastern nuclear families; and that (c) in 
Western families firstborns would show more anxiety avoidance and thus volun- 
teer less frequently. The first two hypotheses were supported, the last only par- 
tially. The authors conclude that family structure and role of the firstborn are 
important variables to be considered in extending the Schachter theoretical 
formulation to non-Western cultures. 
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Social Structural Antecedents of Psychopathology and Deviant Behavior 


Draguns (57), in his provocative summary of cross-cultural investigations of 
psychopathology, has noted that only with the recent emergence of the discipline 
of social psychiatry have systematic observations been applied to the influence of 
social and cultural factors upon psychopathological manifestations, The issues of 
central concern in this area can be summarized in two questions: 1. Are diagnostic 
categories comparable across cultures? 2, Do psychopathological findings from 
the Western nations have pancultural generality ? 

Some of the most methodologically sound research concerning the question of 
cross-national diagnosis has been carried out by the Project on Diagnosis of 
Mental Disorders in the U. S. and the United Kingdom (special supplement of the 
American Journal of Psychiatry 3). The central problem investigated by the pro- 
ject concerned the frequent finding that first admission rates to mental hospitals 
and rates for affective disorders were higher in England and Wales than in the 
United States, while the reverse was true for schizophrenia and cerebral arterio- 
sclerosis. Investigators questioned whether the sources of these observed differ- 
ences were based on actual clinical differences in samples or differences in diag- 
nostic categorization on the part of clinicians and psychiatrists. Cooper et al (41) 
attempted to achieve comparability of diagnostic categorization and found that 
although some of the observed differences could be accounted for by categoriza- 
tion there were in fact genuine clinical differences between the patient populations 
as well. 

Seifert, Draguns & Caudill (149) replicated in Japan the procedures of a 
recent American diagnostic study and were thereby able to compare the bases of 
psychiatric diagnosis in the two countries. They found that the same variables 
serve as “building blocks” of the diagnostic categories in the two countries. How- 
ever, specific relationships between symptom style and diagnosis were often 
different or opposite in the two cultures. 

Turning to the second question mentioned above, considerable effort has 
recently been devoted to the study of intercultural generality of psychopathologi- 
cal findings originally established within the United States. Lorr & Klett (116) 
studied 12 psychiatric syndromes, previously established in the U. S., among 
newly hospitalized patients in six other countries. Patients were rated by a semi- 
structured interview technique and the pooled ratings were correlated and fac- 
tored. With few exceptions the existence of the syndromes were confirmed in 
each sample. Draguns et al (58) extended an American finding concerning the 
relations between social competence (which consists of factors such as age, mari- 
tal status, educational achievement, and occupational level) and variables of role 
orientation (turning against self, turning against others, and avoiding others). At 
higher levels of competence both Japanese and American men have a tendency to 
turn against the self. 

Murphy, Wittkower & Chance (127) mailed questionnaires to psychiatrists 
in 30 countries, asking them to rate patients in regard to one type of depression 
syndrome. They were primarily concerned with the universality of the relation- 
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ships between depression and level of cohesion in the community. Kitano (107), 
questioning the impact of acculturation on mental illness, also focused on one 
diagnostic category, schizophrenia. He questioned Japanese patients in Los 
Angeles, Hawaii, Tokyo, and Okinawa concerning treatment and behavior ofthe 
severely mentally ill. He found a culture-common reaction to schizophrenia, thus 
suggesting that behavior labeled as mental illness is not acculturable. In general, 
these studies suggest that there are important similarities across cultures in causes 
and symptoms of psychiatric disorders. 


Suicide and psychogenic death.—In societies in which the individuals’ social 
ties are likely to be weakened, thwarted, or broken by divorce, homicide, etc., and 
the cause of this behavior is an identifiable individual, there exists what Naroll 
‘has called the thwarting-disorientation syndrome. He theorized that the thwart- 
ing-disorientation syndrome would lead to a high rate of suicide. Krauss & 
Krauss (110) examined suicide case histories from 58 cultures and found support 
for this theory. There was also indirect evidence that early stages of moderniza- 
tion (migration) were related to suicide. 

Barrett & Franke (7) have also found cross-national support for a relationship 
between SS variables and psychogenic death. They hypothesized that social, 
economic, and medical variables would account for differences in psychogenic 
death rates, whereas psychological variables would not. In support of this hy- 
pothesis, they found that across 30 countries status integration of the labor force 
by sex correlated positively with homicide and negatively with death from ulcers 
and suicide. Economic growth correlated with death from ulcers, and wealth cor- 
related positively with suicide. In addition, there was not a significant pattern of 
cross-lagged correlations between McClelland’s psychological motives of achieve- 
ment, affiliation, and power, operationalized by content analysis of children’s 
stories, and psychogenic death rates. 


Drinking.—Beginning with the pioneering research of Horton (89), social 
scientists have attempted to find out why people drink. Primarily these investi- 
gators have correlated amount of alcohol consumed in a culture with characteris- 
tics of that culture. Thus, Horton (89), Field (65), Barry et at (8), and McClelland 
et al (119) have all found correlations between an E variable, type of economy 
(e.g. hunting, fishing vs agricultural), and a P variable, drinking. In general, 
hunting tribes drink more heavily than tribes that depend on agriculture for a 
living. Those researchers have hypothesized and operationalized a number of SS 
and P intervening variables that might mediate the EP relation: (a) subsistence 
insecurity (89); (b) dependency needs (5); and (c) degree of societal organization 
(65, 100, 119). At present, the degree of societal organization has received the 
strongest support as the intervening variable mediating type of economy and 
insobriety. Specifically, in more highly organized societies (e.g. agricultural 
societies) there are more societal controls that inhibit drinking. 
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CONCLUDING COMMENT 


This review of the cross-cultural psychological literature suggests a number of 
gaps in research activities. First, we have not made enough progress in our de- 
scription of the independent variables—ecology, environments, etc—which de- 
termine the phenomena of interest. For example, one finds repeatedly the state- 
ment that the respondent’s level of education is a major determinant of his 
responses to perceptual, cognitive, or attitudinal tasks. Yet in most studies there 
is no further analysis of the meaning of the educational variable. What exactly 
mediates between education and the other phenomena ? Is it literacy, participa- 
tion in institutional environments, the manipulation of symbols, conformity to a 
life style requiring attention to time, getting rewarded for what you do rather 
than for who you are, being able to communicate to people you do not see and 
receive communications from the outside world, or some other variable that 
mediates between education and cognitive development? Second, there are not 
enough studies which take the emic-etic dilemma seriously and attempt to design 
data collection so as to obtain some of the advantages of each approach. There 
tends to be too much ethnocentrism in the design and execution of psychological 
studies in other cultures. Third, there is as yet no theoretical framework within 
which to do such studies. Some fragments do exist, but typically they are not 
interrelated. New methodologies such as path analysis may make it possible to tie 
these fragments into more substantial theories. 

Our review suggests that the most plausible hypothesis is that basic psycho- 
logical processes, such as selectivity in perception, are invariant across cultures, 
but the specific manifestations of the processes, such as what type of stimuli are 
selected, differ across cultures. 
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PERSONNEL ATTITUDES AND MOTIVATION’ 


Joun B. Mmer anp H. PETER DACHLER? 
University of Maryland, College Park 


Past reviewers of job satisfaction and work motivation research such as 
Hinrichs (38), Lawler (49), Locke (54), and Viteles (109) have often argued that 
insufficient systematic conceptualization in this area has tended to yield a stream 
of unrelated fragments, but little real understanding. After reviewing publications 
appearing in the 1969-71 period, we feel that recent research efforts warrant a 
review which focuses primarily on theoretical issues, reflecting the beginning of 
the type of systematic theory-research interplay that characterizes any mature 
field of scientific inquiry. Our decision to proceed in terms of theory-oriented 
research was guided not only by our conviction that theoretical issues need the 
major attention of satisfaction and motivation researchers, but also by our 
knowledge that recent reviews covering the basically nontheoretical research are 
available (79, 80). 

Much of the current research is characterized by attempts to test isolated 
hypotheses selected on some intuitive and not explicitly stated bases. To the 


1 This review covers material published since the last review dealing with the topic 
written by Hinrichs (38). In an extensive (but less than exhaustive) search ofthe literature, 
more than 1000 articles, books, monographs, and technical reports related to job atti- 
tudes and work motivation were uncovered, 

Two considerations led us to reduce the number of citations in this review: (a) the 
limited allotment of space to cover the rather complex and often controversial te pic 
areas; and (5) more importantly, our decision to follow the Editorial Committee’s 
recommendation to discuss critically the current state of research and theory in the 
field rather than to present an encyclopedic coverage of publications. We have concen- 
trated on theoretical issues at the expense of publications that do not address them- 
selves to some explicitly stated theoretical issue or that are not directly relevant to such 
issues, When a number of articles are relevant to a given point or line of inquiry, we cite 
only one or two which exemplify the point to be made, 

Although we have found many interesting and informative unpublished manuscripts 
or preprints, we decided, with only a few exceptions, not to review such materials be- 
cause of space limitations. 

2? The writers are indebted to Sharon Dorfman and Monica Schaeffer for their 
invaluable help in the mechanics of the literature review and with the preparation of the 
manuscript. We also are most appreciative of the efforts of our colleagues Edwin A. 
Locke and Benjamin Schneider in reading earlier drafts of this paper and commenting 
on them. 
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extent that theoretical and substantive issues are de-emphasized, research results 
tend to be noncumulative and fail to produce a systematically integrated body of 
knowledge. 

A large proportion of studies in satisfaction and work motivation have at- 
tempted to deal, directly or indirectly, with hypothetical unobservable constructs 
(e.g. need, frame of reference, feelings of inequity, intention, goal, value, force) 
on the basis of private reports elicited with the help of paper and pencil instru- 
ments or interview techniques. If one takes the position that internal organismic 
processes are the immediate antecedents of behavior in organizations, the pre- 
vailing atheoretical, behavioristic logic makes support of statements referring to 
these processes impossible (18, 70). 

Furthermore, if one wishes to make causal statements about organizational 
behaviors rather than merely to describe a sequence of events, the procedure of 
looking for “functional relationships,” focusing solely on the empirical relation- 
ship among external variables and verbal reports or other behaviors, provides but 
a starting point for scientific research and makes causal explanations tenuous. at 
best (54). 

In order to better deal with both the problem of hypothetical, unobservable 
constructs as well as the problem of causal explanations of organizational be- 
havior, explicit and articulated conceptualization of the constructs of interest, 
their properties and interrelationships is a prerequisite to research and measure- 
ment. A valuable overview of such construct validation and the logic of theoreti- 
cal networks related to instrumentality theories of motivation has been presented 
by Mitchell & Biglan (70). Locke (54), in discussing the problem of causal ex- 
planation in job satisfaction research strongly emphasizes the need for theory- 
related research and measurement and the abandonment of the logic of “correla- 
tion without explanation.” 

Although there is still an overabundance of nonsystematic, atheoretical re- 
search, motivation and job attitude research in organizational psychology has 
progressed slowly from common sense viewpoints regarding attitudes and moti- 
vation to a more systematic investigation of human motivation in organizations, 
in parallel with motivation research in other areas of psychology. This progress 
has produced a whole set of new problems which will be summarized throughout 
this review. Progress from the common sense viewpoint to systematic theory 
building is reflected in some of the recent theory-oriented review articles and 
books on satisfaction and work motivation. The comprehensive treatment of 
managerial performance and effectiveness by Campbell and associates (8) and 
Lawler’s (50) valuable overview of the motivational effects of pay on organiza- 
tional effectiveness present extensive research reviews organized around certain 
theoretical models and approaches. Similarly, review articles covering this area, 
such as those by Cummings & Schwab (11), Hunt & Hill (42), Lawler (49), and 
Wofford (118), have dealt increasingly with theoretical issues, discussing research 
which springs from or is related to more or less developed theoretical models and 
approaches. 
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PROCESS THEORIES 


It seems useful to break down the various theories, models, and grand hypoth- 
eses into two overlapping categories, following the lead of Campbell et al (8). 
The first category includes theories which have focused mainly on the processes 
of motivation and satisfaction, while the second category includes theoretical 
positions focusing primarily on content issues of motivation and satisfaction. 
Space limitations do not allow for separate discussions of satisfaction and moti- 
vation within the two theory categories, although such a differentiation would be 
highiy desirable. Despite a few determined adherents to the belief that attitudes 
in some way directly cause behaviors, it seems clear from the research reviews of 
Fishbein & Ajzen (25), Lawler (49), and Locke (55) that this hypothesis is unsup- 
ported and is an oversimplification of the determinants of behavior. A much 
sounder approach, advocated by Cummings & Schwab (11), is to develop sepa- 
rate theories of job attitudes and work motivation. 


VALENCE-INSTRUMENTALITY-EXPECTANCY (VIE) THEORIES 


The cognitive models of motivation and satisfaction have inspired a variety 
of research questions which begin to provide a general explanatory framework 
for behavior in organizations. Organizational behavior is viewed as a function of 
the interaction of personality (e.g. ability, values, needs, expectancies, instru- 
mentalities, and role demands) and the general environment (e.g. organizational 
contingencies, environmental constraints, supervision, available alternatives). 
Thus VIE theories are congruent with those approaches which attempt to inte- 
grate the structuralistic and personalistic views of organizations. Lichtman & 
Hunt (52), in reviewing the main trends in organizational theorizing, conclude 
that the integrating approaches provide a better understanding of behavior in 
organizations than do the one-sided normative theories of organizations. 


Evidence.—The VIE theories hold that motivation is a function of the inter- 
actions between effort-performance expectations, performance-outcome instru- 
mentalities, and valences of outcomes. The results of investigations concerning 
the interactive effects of the VIE theory components on effort expenditure by 
Mitchell & Albright (69), Mitchell & Nebeker (71), and Schuster, Clark & 
Rogers (95), and investigations on rated or actual performance by Dachler & 
Mobley (14), Graen (32), Mitchell & Albright (69), Mitchell & Nebeker (71), and 
Schuster, Clark & Rogers (95), as well as studies looking at VIE predictions 
concerning attitudes towards various aspects of jobs or careers in general by Deci 
& Vroom (16), Sheard (99), and Wanous (111), provide moderate support for 
VIE models. However, a closer examination of the research reveals a disturbing 
number of inconsistent findings. Researchers have compared the VIE compo- 
nents (valence, instrumentality, expectancy) with the total motivation index in 
predicting effort, performance, or satisfaction measures. Graen (32) finds instru- 
mentality measures and Dachler & Mobley (14) and Mitchell & Nebecker (71) 
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find expectancy measures to be the most important components ofthe VIE model 
from a predictive viewpoint. In many cases the calculated index of satisfaction or 
motivation did not predict satisfaction ratings or behavior any better than some 
of the components making up the motivation indices (32, 69, 71, 99). Mitchell & 
Albright (69), for example, found strong support for the satisfaction model but 
not for the effort and performance model. Yet another investigation by Mitchell 
& Nebeker (71) provided support for the job effort model but not for the satis- 
faction model. In short, although a number of authors have concluded that VIE 
theories show promise of providing a scientifically useful model of work motiva- 
tion and satisfaction (32, 49, 70, 73), the available evidence, although consistent 
in some respects, is remarkably weak and contradictory in other respects. 

This conclusion is in part attributable to the fact that the design of the studies 
and the measures used to assess component variables often have not conformed 
fully to the strict requirements of VIE theory (22, 39, 118). There exists a great 
deal cf confusion concerning the definition of valence. Researchers have not dis- 
tinguished between anticipated satisfaction (valence) and experienced satis- 
faction (value). In addition, almost without exception valence has been assessed 
with measures of importance. Clearly, the concept of importance has to be 
distinguished from the concept of evaluation (13, 25, 75). In a similar vein, the 
concept of instrumentality has been inconsistently handled. Some, such as 
Campbell and co-workers (8), argue that instrumentality is just a second expec- 
tancy term. Others, such as Graen (32), hold to the original view that this concept 
is something akin to a “cognitive correlation.” Dachler & Mobley (14) have 
combined the two arguments by decomposing the instrumentality summary rat- 
ing into a series of perceived conditional probabilities. Heneman & Schwab (37) 
and Mitchell (68) have summarized other problems, discrepancies, and theoretical 
shortcomings in the VIE theory literature. Clearly, if VIE models are to maintain 
the usefulness which so many researchers have attributed to them, more effort 
needs to be expended in careful theoretical analyses and theory-based empirical 
research. 


Extensions and modifications —Increasingly, researchers have tried to change 
the original ahistorical emphasis of VIE models by investigating the environ- 
mental and experiential determinants of the model’s components. It may be one 
of VIE theory’s most promising attributes that it provides a framework within 
which the processes of personality and organization integration can be investi- 
gated and understood. 

There have been a number of studies dealing with the effects of actual per- 
formance (effort)-work outcome contingencies on perceived instrumentality 
(32) and on satisfaction and performance (10, 14, 32, 93, 120). Graen (32) finds 
that perceived instrumentalities correspond to the actual contingencies set up 
in the study. Although Graen’s design and manipulation may allow for alterna- 
tive explanations of the data, his results indicate that his model predicts satisfac- 
tion and performance only where work outcomes (achievement feedback) are 
made contingent upon effective performance. Schneider & Olson (93) also find 
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that attitude towards pay is related to performance only where pay is actually 
contingent upon effective performance, Furthermore, interorganizational differ- 
ences in the effort-pay contingencies result in interorganizational differences in 
rated effort expenditure. 

Dachler & Mobley (14) looked at VIE theory predictions of work behavior 
and goal setting across two organizations with different organizational charac- 
teristics. Results consistently supported VIE theory predictions in the organiza- 
tion which appeared to provide conditions (e.g. incentive system, structured tasks, 
intensive training for incoming employees, few hierarchical levels) that allowed 
for accurate perceptions about the consequences of alternative performance 
levels. VIE theory predictions were not consistently supported in the organization 
which appeared to provide conditions which hindered accurate perceptions 
about consequences of alternative behaviors (e.g. salaries paid according to job 
rating with no incentive plan, employees frequently moved from one job to 
another, only customary orientation training for incoming employees, many 
hierarchical levels). Furthermore, organizational tenure moderated the relation- 
ships among the cognitive variables, goal setting, and performance. 

Thus, not only do actual performance-outcome contingencies seem to affect 
perceived instrumentality, performance, and satisfaction, but other organiza- 
tional characteristics seem to serve as environmental constraints limiting levels 
of performance, or they serve as conditions which impede the accuracy or realism 
of employee perception and conclusions. To the extent that these hypothesized 
thought processes are immediate determinants of behavior, the investigation of 
the interaction between organizational environment, individual differences, and 
employee thought processes should contribute considerably to the understanding 
of organizational behavior. 

Some recent studies have investigated the effects of supervisory behavior 
(consideration and structure) on the VIE motivation process (22, 39). Based upon 
the assumptions that the supervisor can affect employee satisfactions through 
facilitating or blocking value attainment, and that he can affect performance by 
setting contingencies between effective performance and valued outcomes, these 
investigators argue that consideration behavior on the part of the supervisors 
should affect the availability of desirable outcomes, whereas structuring behavior 
of the supervisor should affect contingencies which are established between work 


3 Cherrington, Reitz & Scott (10), Nord (77), and uk), Wexley & Seymore (120) 
have all raised issues which lead to a comparison of VIE theory and the operant condi- 
tioning Jiterature. The latter (120), for example, investigated the effects of different pay 
reinforcement schedules by comparing VIE theory predictions with operant conditioning 
principles. Since these studies did not assess the cognitive variables required by VIE 
theory, it is difficult to evaluate the meaning of these results for VIE theory. Neverthe- 
less, the competitive evaluation of VIE theory with operant conditioning predictions 
concerning motivation requires further research efforts, especially in view of the fact 
that VIE theories typically have not included propositions regarding how expectancies 
and instrumentalities are acquired. 


384 MINER & DACHLER 


outcomes and behaviors. Evans (22) found some support for the hypothesis that 
leader behavior affects satisfaction through its impact on path-goal instrumen- 
talities. However, assumptions concerning how consideration and structure 
affect subordinate cognitions remain untested. House (39), using a similar model 
and adding situational variables which were predicted to moderate the effects of 
leader behavior, investigated a path-goal theory of leader effectiveness. However, 
since he did not use measures of the constructs specified by the path-goal model, 
the theoretical meaning of his results is difficult to establish. 

Although the treatment of leadership as part of the process of employee moti- 
vation, rather than in terms of trait lists or behavior styles, is an exciting and long- 
overdue innovation, the utility and theoretical meaningfulness of combining VIE 
theory and the Ohio State leadership dimensions appears questionable. The two 
approaches derive from different traditions, and in certain instances are based 
upon contradictory assumptions. Rather than using the existing consideration 
and structure dimensions, each of which contain elements that in all probability 
have differing significance for VIE theory components, it would appear to be 
more promising to develop leadership measures which take into account the basic 
theoretical assumptions about the process by which leaders affect their followers. 
In order to do that, however, a more careful theoretical analysis of the leadership 
process and its relationship to organizational value structures needs to be under- 
taken. Locke (56) argues that leaders may affect subordinates’ motivation 
through facilitation or blocking of value attainment. 

Even though VIE theory was presented as a general motivation model, it has 
been tested mainly with regard to performance criteria. Deci & Vroom (16) look 
at VIE explanations of career choice, Dachler & Mobley (14) deal with turnover 
and absenteeism, and Mitchell & Albright (69) with turnover. However, the evi- 
dence is not clear as to whether VIE models as presently conceived provide 
equally convincing explanations of all forms of behavior. 

A number of investigators have extended the basic VIE model by adding com- 
ponents. Lawler (50) has attempted to integrate personality variables (internal/ 
external control of reinforcement, self-esteem) and hypotheses stemming from 
equity theory and need hierarchy theory into the basic VIE model. Graen (32) has 
added internal and external pressures for effort and Mitchell & Nebeker (71) 
have added expectations of peers. 

Understanding regarding the basic VIE model i is still rudimentary, and the 
knowledge of the properties, antecedents, and determinants of the VIE theory 
components is limited. Therefore, the addition of terms to the basic theory, with- 
out careful research and conceptualization, introduces the risk that the utility 
and power of the VIE theory may be rapidly diminished. 

There is a need for much more research, not only testing the basic VIE model, 
but also testing competing explanations of motivation and of satisfaction. A few 
authors—among them Bass, Rosen & Hill (4), Wofford (118), and Yukl, Wexley 

` & Seymore (120)—have already taken this comparative approach. An interesting 
comparison of theories of pre and post performance satisfaction was undertaken 
by Sobel (104). Results indicated little support for the valence times subjective 
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probability hypothesis. Instead, the findings fit the subtractive model as stated 
by Steiner (106). These results, if replicated in other less restrictive situations, 
have important implications for VIE models. 

Theorists might benefit from a consideration of the issues and empirical find- 
ings that have been presented by certain decision theorists and researchers on 
information processing such as those of Slovic & Lichtenstein (102). Further- 
more, more attention should be given to the effects of job characteristics, as in- 
dicated by Hackman’s (34) careful delineation of the role of tasks in behavioral 
research, and by Lifter, Bass & Nussbaum’s (53) research dealing with effort ex- 
penditures of line and staff personnel. Finally, individual difference variables such 
as variations in decision strategies (e.g. maximizing versus satisficing) and the 
different ways of combining and using cognitions considered by Einhorn (20, 21) 
should be integrated into VIE models and studied. 


THEORIES oF GoAL SETTING AND INTENTIONAL BEHAVIOR 


Closely related to the tradition which gave rise to the VIE models are theories 
dealing with the motivational properties of intentions and related constructs such 
as task, purpose, desire, and goal. Although attempts have been made to inte- 
grate the phenomenon of goal setting into VIE theory by Arvey & Dunnette (2), 
Campbell et al (8), and Mobley (74), explanatory frameworks of intentional 
behavior have typically been broader than VIE theories, covering more exten- 
sively and systematically the relation of the phenomenal field to intention and 
performance (25, 89). It is surprising that researchers attempting to study the 
cognitive processes underlying work motivation have not made more use of the 
fairly extensive literature related to intentional behavior and to motivational 
properties of goals. 

Ryan’s book (89) on intentional behavior clearly represents a significant con- 
tribution to the understanding of human motivation. Noting that most recent 
theories of motivation have not used intentions as an explanatory factor in be- 
havior, he set out to summarize research and theories bearing upon the problem 
of goals and intentions as immediate instigators of activity, both in the area of 
work motivation and in other areas of psychology. In the process, Ryan has de- 
veloped a systematic approach to human motivation which not only encourages 
integration of the process and content approaches to motivation but also pro- 
vides a firm basis for the systematic exploration of the cognitive aspects of work 
motivation. 

Another carefully articulated conceptualization of task motivation in terms 
of goals, intentions, and value judgments is represented by the work of Locke 
(54, 55, 58-60). Locke argues and presents evidence indicating that satisfaction is 
a function of value judgments which he defines as the perceived relationship 
between what is perceived to exist (or anticipated to exist) in a job situation and a 
person’s value standards and goals (54, 55). Iigen (43) reports that satisfaction 
with performance is a function of both the level of performance and the interac- 
tion between level of performance and the extent to which actual performance 
deviates from expected performance. Even though Ilgen does not use the con- 
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cepts of value standards or goals, his findings may prove to be consistent with 
Locke’s conceptualizations. 

A major hypothesis of Locke’s motivation model is that goals and intentions 
are the most immediate determiners of performance (55, 60). Some of Locke’s 
studies seem to indicate, for example, that hard or difficult goals lead to higher 
performance rates than do easy goals (58, 60) and that subjects who are given 
feedback with regard to different task parameters perform better on the per- 
formance dimensions they decide to maximize and worse on those dimensions 
which they choose to ignore or minimize (59). Locke also contends that external 
incentives affect performance through their impact on a person’s goals and inten- 
tions (58, 60). On the basis of these arguments, Locke comes to the conclusion, as 
have Cummings & Schwab (11) among others, that performance produces satis- 
faction to the extent that it leads to the attainment of important job values or 
goals, Satisfaction is seen as an incentive to action but it does not determine 
choice of goals which are the direct antecedent of behavior (55). 

Although Locke’s theoretical arguments have made significant inroads in the 
understanding of intentional behavior, the experimental evidence is not entirely 
conclusive (89). There are some bothersome design and analysis problems which 
have been noted by Cummings, Schwab & Rosen (12), as well as the liberal use of 
difference scores as predictors of satisfaction, subsequent goal choice, and per- 
formance, which make it desirable that some of the conclusions drawn from these 
studies be investigated further. We would agree with Ryan (89) that the studies on 
goals and intentions which were conducted mainly in the laboratory should be 
extended to a field setting. Furthermore, Locke’s research has focused mainly 
upon the effects of goals on performance while relatively little is known about the 
determinants of goal setting. However, studies by Arvey & Dunnette (2) and 
Mobley (74) have investigated the antecedents of goal setting within a VIE 
framework, finding that people choose those levels of performance as their goals 
which they expect to be able to reach and which are most desirable. A study by 
Cummings, Schwab & Rosen (12) found that level of previous performance plus 
amount and accuracy of knowledge of results were significantly related to the 
goal level set by subjects. 

Some of the theoretical arguments presented by Locke show striking similari- 
ties with other theoretical models such as VIE theory and the theory of achieve- 
ment motivation articulated by Atkinson & Feather (3). Closer examination, 
however, reveals a number of important differences in emphases as well as out- 
right disagreements (60). Therefore, research testing competing hypotheses is an 
important next step in the process of understanding intentional behavior. 

The goal theories discussed to this point have focused on individuals as the 
unit of analysis. The effects of goals, their determinants, and their consequences 
within groups have been investigated by Zander and his associates (121) in a 
unique and extensive research program. Zander sought to determine whether 
theories of intentional behavior for individuals are useful in explaining purpose- 
ful group behavior. The outcome of this critical project was a set of integrating 
assumptions and hypotheses dealing with the characteristics and effectiveness of 
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groups in terms of group goals and individual motives and setting forth some of 
the determinants of these goals and motives. Many of the assumptions and 
hypotheses were supported by the results of studies conducted by the investiga- 
tors. 

A parallel development to the literature on the motivational effects of goals is 
the increasingly popular Management by Objectives (MBO) approach. Although 
some of the assumptions on which MBO is based have counterparts in the 
theoretical literature on goal setting and motivation, the bulk of the existing 
MBO literature is primarily descriptive or prescriptive in nature. A few notable 
exceptions are provided by researchers such as Carroll & Tosi (9), who have 
investigated the extent to which the effects of the difficulty and importance of 
goals on self-report criteria of MBO effectiveness are moderated by managerial 
personality traits. Other attempts to investigate the motivational processes of 
MBO programs by Dunbar (19) and Ivancevich, Donnelly & Lyon (45) show that 
changes occur in the perceived need satisfactions of MBO participants, that goals 
significantly affect performance, and that monetary incentives may have an effect 
on goal level if rewards depend strictly on goal achievement. 

The MBO approach not only seeks to take advantage of the motivational 
consequences of goal setting, but also uses such approaches as participation as a 
means of achieving commitment to goals, giving knowledge of results with regard 
to achievement or nonachievement of goals, and other motivating principles 
advanced by human relations theorists. Thus it clearly provides an excellent 
vehicle for integrating different theoretical approaches and for collecting the 
kind of empirical data which could increase our understanding of the effects of the 
phenomenal field on purposive behavior. 


Eguriry THEORY 


A number of excellent reviews of equity theory and related research have 
been published in recent years (31, 50, 85). Pritchard (85) reviews equity theory 
research mainly with regard to performance and concludes that, although predic- 
tions with regard to underpayment seemed to have been generally supported, 
predictions about the effects of overpayment do not find convincing support. 
Pritchard presents two general extending assumptions, namely: (a) that feelings 
of inequity arise primarily out of a comparison of a person’s input/outcome ratio 
to some internal standard, rather than out of a social comparison process; and 
(b) that an exchange relationship may have an effect on feelings of inequity de- 
pending upon where on an intimate-impersonal continuum this exchange rela- 
tionship takes place and whether outcomes are determined by this exchange 
relationship or by some third party. 

Pritchard’s presentation can only be considered a promising beginning in 
clarifying and articulating the still vague and relatively unsophisticated nature 
of equity theory as a theory of motivation or satisfaction. These extensions of 
equity theory also present some exciting research ideas and possibilities for ex- 
panding the theory to incorporate other theoretical approaches such as Smith, 
Kendall & Hulin’s (103) formulation regarding frame of reference. Leventhal, 
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Weiss & Long’s (51) research on the relationship between feelings of inequity and 
norms of social responsibility represents a further attempt to clarify equity 
theory. 

Tornow (108) has tackled one of the major issues in equity theory needing 
clarification. Criticizing its lack of concern for individual difference, Tornow 
attempted to measure individual perceptions of ambiguous job characteristics as 
being either inputs or outcomes. His results, although not overly strong, do sug- 
gest that the main effects of underreward and overreward may be moderated by 
the degree to which individuals differ in their perceptions of the same ambiguous 
job elements. 

Another approach which may help explain the affects of equity on productiv- 
ity is provided by Korman’s (47, 48) research on self-esteem and its relation to 
satisfaction and performance. Korman indicates that individuals are motivated 
to perform in a manner consistent with their self-image and that those situations 
that are in balance with a person’s self-perceptions are perceived as most satisfy- 
ing. Although Korman’s hypotheses regarding work behavior appear to have 
some potential for elaborating issues in equity theory, VIE theory, and the 
“grand hypothesis” of the human relations theorists, they are stated in general 
terms and their theoretical utility is therefore rather difficult to evaluate at this 
time. 

Goodman & Friedman (31) present an outstanding and up-to-date review of 
both the empirical research and the various theoretical issues underlying equity 
theory in its current state. Contrary to the conclusions of Pritchard (85), Lawler 
(50), and Wiener (115), who question the utility of some aspects of equity theory, 
Goodman & Friedman believe that, given certain clarifications and extensions as 
well as supporting empirical evidence on these issues, the utility of equity theory 
is quite satisfactory. Lawler (50) examines the effects of pay inequity on produc- 
tivity primarily and compares equity theory with VIE theory predictions about 
motivation to produce. He concludes that: “*. . . as far as the piecerate situations 
are concerned, [VIE theory] can explain the research results best if it includes 
equity as one of the factors that influences the valence of pay.” For hourly com- 
pensation systems, Lawler feels that VIE theory can handle the existing data 
without reference to equity theory assumptions. However, since VIE theory and 
equity theory do make contradictory predictions, further research which tests 
competing hypotheses from these two theories is required (31). 

Until the theoretical and methodological issues outlined in the recent reviews 
have been clarified, it will be difficult to determine whether equity theory is rele- 
vant to only one of many processes contributing to an individual's feelings about 
certain organizational rewards, as Lawler (50) suggests, or whether it represents 
a broadly useful theory of organizational behavior, as the Telly, French & Scott 
(107) research seems to indicate. 


Overview OF Process THEORIES 


We have focused our discussion on the cognitive process theories because 
they have clearly had a much greater impact upon the literature of work motiva- 
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tion and satisfaction than have theories derived from the behavioristic tradition 
of psychology. The state of process theories in particular, and theories of motiva- 
tion and satisfaction in general, is well described in the statement by Lawler that 
“...this field is not a mature one. It is suffering growing pains. The very fact 
that it is suffering these growing pains is at least evidence that it is alive and that 
growth is taking place (49, p. 224).” 

In general, we find that process theories lack the articulation necessary for 
strong support. Even the more developed VIE models lack precise tests of the 
hypothesized relationships among the conceptual components. In addition, com- 
parisons among the different process theories are made difficult by a confusing 
array of terms for similar constructs and by inadequate definitions of the concepts 
involved. Few attempts have been made to use the “strong inference” approach 
advocated by Platt (84) by testing competing-hypotheses deriving from different 
theoretical models or to integrate different theoretical viewpoints. Since there is 
an abundance of theories, models, and general hypotheses, and since different 
theories tend to focus on different processes and behaviors, integration and com- 
petitive evaluation represent an important next step in research and theorizing. 

Finally, we believe that there are two major shortcomings in the existing 
formulations of the various process theories. One is the fact that the role of the 
task as.explicated by Hackman (34) has been one of the most uncharted areas in 
efforts to explain and understand behavior in organizations. Secondly, the effects 
of individual differences have not been given the attention that they obviously 
deserve and that writers such as Tornow (108) have advocated. Thus a researcher’s 
delight (or nightmare) still lies ahead. 


CONTENT THEORIES 


We consider now those theories which place primary emphasis on particular 
motives or types of motives. Although not devoid of process aspects, these 
theories are distinguished by the fact that process considerations either are dis- 
tinctly secondary or have emerged subsequent to the original formulations. 


NEED HIERARCHY AND SELF-ACTUALIZATION 


Historically the need hierarchy theory developed by Maslow has not been 
subjected to as extensive testing in the job situation as it should have been; on 
occasion there has been what can only be viewed as uncritical acceptance. In the 
period covered by this review there has been some improvement in this situation. 


Evidence.—Wofford (118) finds, contrary to the Maslow formulation, that 
higher level needs may be related to job satisfaction even when lower level needs 
are not gratified. Thus the concept of a fixed hierarchy, with needs at higher levels 
emerging only when those at lower levels are gratified, continues to appear highly 
questionable. 

Studies approaching need hierarchy theory from the viewpoint of content 
rather than process also raise serious questions. Factor analyses by Payne (82) 
and Roberts, Walter & Miles (88) have generally failed to yield groupings of 
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items which match the categories of the Maslow typology. Among managers as 
well as factory workers the evidence does not support the idea that physiological, 
safety, social, ego and self-actualization needs are somehow inherent and basic. 
It is possible that these studies have not always used measures which accurately 
operationalize the variables of need hierarchy theory, but it is also true that the 
literature contains little by way of support. At this point in time the most appro- 
priate conclusion appears to be either that need hierarchy theory is not supported 
by research evidence or that it has not been formulated with sufficient precision 
to permit adequate testing. 


Research generated —Based on a criterion of the amount of research stimu- 
lated, however, need hierarchy theory achieves a completely different status. 
Irrespective of its validity, the theory has generated a considerable amount of 
knowledge—primarily in relation to differences between cultures, occupations, 
and types of organizations. Many of the recent studies in this area have yielded 
replications of prior results, but there are some interesting new findings as well. 
The following are typical. 

A study of blue collar workers in comparable Mexican and United States 
plants by Slocum, Topichak & Kuhn (101) produced quite different rankings of 
the Maslow needs in the two cultures. Furthermore, the Mexican operatives con- 
sistently had greater need satisfaction and placed more importance on the various 
needs, irrespective of level. A comparison of U.S. executives working in Europe 
with executives in the U.S. conducted by Ivancevich & Baker (44) also produced 
some sizable departures from the rankings need hierarchy theory would antici- 
pate. On many of the needs those working in Europe proved to be less satisfied. 

Ghiselli & Johnson (30) have compared organizations with tall and flat struc- 
tures in terms of the degree to which need satisfactions relate to success. They 
find meaningful relationships only for higher order needs in flat organizations 
with large spans of control. Mitchell (72) has used the Maslow needs to investi- 
gate line-staff differences in the Air Force. He finds higher need satisfaction and 
fulfillment among line officers, but considerable variability within the staff cate- 
gory. These and other studies are indicative of the degree to which need hierarchy 
theory continues to be a stimulant to research dealing with organizational vari- 
ables. 


Related theories.—Several theories have been proposed as specific modifica- 
tions or alternatives to Maslow’s formulations. Thus, Alderfer (1) has advanced 
a theory which telescopes the need hierarchy into existence, relatedness, and 
growth needs. The hierarchical idea is retained, but the hierarchy is no longer 
strictly ordered, and the matter of the extent to which higher order need frustra- 
tion may influence lower level needs is considered. Initial tests provide more sup- 
port for this new theory than for either the Maslow formulations or for a simple 
need frustration hypothesis. The Alderfer theory represents a clear attempt to 
reformulate need hierarchy theory with a view to circumventing the specific refu- 
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tations that have emerged from research. It appears to be the most promising 
version of the theory at the present time. 

A related effort by Wolf (119) leads into the next theory to be considered. 
Wolf contends that the Herzberg two-factor theory errs in equating satisfaction 
with motivation. In essence he uses the Maslow formulations but collapses the 
need hierarchy into the two levels of the Herzberg theory and relates extrinsic 
factors to lower order needs and intrinsic factors to those at a higher level. Both 
the Maslow and Herzberg theories are viewed essentially as theories of job satis- 
faction; when motivation is added, various aspects of VIE theory are introduced. 


Two-FAcTor THEORY 


Two reviews of research on two-factor theory point up the continuing con- 
troversy (7, 46). Bockman (7) is sympathetic and admits to an initial bias to Herz- 
berg’s views, concluding that his theory is generally misunderstood by its critics. 
The difference between the two sides is attributed to differences in what is being 
measured. King (46), on the other hand, considers the lack of an explicit state- 
ment of the theory as the major source of controversy. He presents five different 
versions that he finds either stated or implied by various researchers. Two of these 
are considered to be invalid due to a lack of supporting research; one is invalid 
because it reflects experimenter coding bias, and the remaining two have not been 
adequately tested. Thus, on balance, the theory comes off poorly at the hands of 
this second reviewer. 


Evidence.—In a very recent series of studies the five versions of two-factor 
theory noted by King have all been put to test. In the most comprehensive of 
these studies Waters & Roach (112) find no support for any version of two-factor 
theory using female samples. However, analyses of the data from male samples do 
provide some support for the two weakest or most global versions of the theory. 

On the other hand, it is clear from a paper by Grigaliunas & Herzberg (33) 
that the original author of the theory does not view rating scale measures, such as 
those used in the Waters & Roach research, as adequate to the intended purpose. 
Data are presented to show that such rating scale procedures introduce irrelevant 
items into the attitude measurement process and that unless the relevancy dimen- 
sion and other sources of error are controlled, an adequate test of two-factor 
theory is not possible using rating scales. The original story-telling method is 
recommended, although techniques by which subjects exert an influence on what 
is rated would also seem acceptable. 

Using the story-telling approach, Schneider & Locke (94) find that results 
favorable to the theory can be explained as an artifact of the method used to 
classify incidents. Thus, they view two-factor theory as an outgrowth of confusing 
events and agents rather than as an inevitable consequence of the story-telling 
method per se. They propose defensiveness, and specifically projection, as a 
major explanation of results favorable to the theory and show that with a logical 
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classification system the story-telling procedure does not necessarily yield sup- 
portive results, 

Research conducted by Bobbitt & Behling (6) appears on the surface to refute 
this defense mechanism explanation. However, as Locke (57) points out, the 
methodology used is such as to raise a serious question whether a true test of this 
hypothesis was in fact made. Clearly more research is needed in this area. 

A study by Schwab & Heneman (97) employing the story-telling approach 
finds support for the theory when aggregate data are used, but when analyses of 
responses by individuals to favorable and unfavorable sequences were considered 
two-factor, theory was not supported. Additional negative evidence derives from 
the closely related study of Schwab, DeVitt & Cummings (96), which suggests 
that extension of the theory from job satisfaction to work motivation is not war- 
ranted because predicted performance effect relationships cannot be demon- 
strated, 


Related theories.—In general we would agree with Campbell et al (8) that two- 
factor theory has now served its purpose and should be either altered or laid 
aside. Yet we feel that of these two alternatives a resort to revision and extension 
is preferable. Some very stimulating ideas are emerging out of such efforts. 

Of the revisions, Hackman’s (36) appears to move the shortest distance from 
the original formulations. However, he views those who derive satisfaction from 
work as primarily stimulation seekers and those who do not as emotional re- 
sponders; this rather than thinking in terms of motivation seekers and hygiene 
seekers. Here he is very close to the Evans & McKee (23) formulations regarding 
Internals and Externals, and their results would appear to support his. In addition, 
Hackman develops a much more differentiated theory of work motivation than 
the original two-factor theory provided. Yet Hackman is far from providing a 
solution to the controversy surrounding two-factor theory, and his presentation 
is somewhat lacking in integration. 

Soliman (105) advances a theory which introduces the organizational environ- 
ment as a moderator variable in two-factor theory and provides some supporting 
data. In a highly need-satisfying environment, motivators are more powerful 
sources of satisfaction; in a need-depriving environment, hygiene factors are 
more powerful sources of the dissatisfaction. Furthermore, satisfaction/dis- 
satisfaction is viewed as a unidimensional concept. In support of the Soliman view 
is Pennings’ (83) finding that organizational units with high promotion rates are 
characterized by high intrinsic values and lower extrinsic values; the reverse is 
true in units with low promotion rates. 

This tendency for intrinsic motivation to dominate where opportunity is 
greatest has been noted in other studies as well (78, 90, 117). Thus, Paine (78) finds 
that intrinsic factors are more important in the job choices of honors students 
than for regular students. Williamson & Karras (117) obtained much the same 
result from a comparison of female college students and female clerical workers. 
Saleh & Hyde (90) present additional comparisons which are subject to the same 
interpretation. 
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Another theoretical revision has been advanced by Wernimont (114), who 
argues that the controversy over two-factor theory is more appropriately solved 
on semantic and logical than on empirical grounds. In this formulation intrinsic 
and extrinsic variables are viewed as being in two separate domains. The former 
are feelings and the latter external situations. Thus if one is talking about job 
satisfaction, extrinsic and other situational factors must precede intrinsic and 
other intervening variables. Feelings about the situation are converted into the 
feelings of which are defined as intrinsic. This causal sequence has been obscured 
as a result of certain inherent characteristics of the language people must use to 
describe the sources of job attitudes. 


Jos ENLARGEMENT 


Two-factor theory has stimulated considerable research both of a method- 
ological nature and with regard to the correlates of various motives and atti- 
tudes. It has also played a role in the advent of the job enlargement movement. 
The theory is that increased vertical, and in some cases also horizontal, job 
enlargement will result in increased intrinsic motivation which will be manifested 
in job behavior and satisfaction. According to Ford & Borgatta (27), the follow- 
ing factors are involved when jobs are enlarged: the work itself is interesting, the 
job is not wasteful of time and effort, there is no feeling of a need for more free- 
dom in planning the job, a reasonable say in how the job is done exists, the job 
provides opportunities, the job provides feedback, the job is not too closely 
supervised, and it is worthwhile putting effort into the job. 

Recent reviews of the job enlargement literature present a conflicting picture. 
Filley & House (24) conclude that positive results have been demonstrated for 
both division of labor and job enlargement, although vertical enlargement ap- 
pears more potent than horizontal. Davis (15) interprets the job enlargement 
research favorably in a context of changing work values. 


Evidence.—Strong arguments for job enlargement have been advanced by 
Ford (26), based on research in the Bell System, and by Myers (76), from experi- 
ence at Texas Instruments. Although results are not uniformly positive and there 
are problems of design, much of the company-based research published in the 
recent period has been favorable to the job enlargement hypothesis. In this 
context a laboratory study by Maher (61) takes on particular interest. Perfor- 
mance generally was found to rise with increasing amounts of job enlargement, 
but satisfaction tended to exhibit a curvilinear pattern. It is apparent from this 
study that a number of factors can interact to determine the results of job en- 
largement studies and that control of unwanted variables is essential to valid 
attribution of causation. 

This point is underlined even more strongly by the research of Bishop & 
Hill (5). They compared the consequences of job enlargement, change without 
enlargement, and no change but in a situation with contiguity to the changed 
jobs. The most important findings were that job enlargement had no greater 
influence on dependent variables than change without enlargement, and that 
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those whose work was not changed experienced negative effects from the atten- 
tion given to others in their environment. 

Other research suggests that job enlargement can be carried too far. Sales 
(91, 92) presents evidence that role overload can contribute to the etiology of 
coronary disease. His laboratory research also indicates that although role over- 
load increases productivity, this occurs at the expense of quality, and that tension 
increases while self-esteem decreases. There appear to be sizable individual differ- 
ences in susceptibility to role overload. Combining these findings with prior 
evidence from studies of division of labor and job enlargement yields strong sup- 
port for the view that there is an optimum job size which may vary considerably 
from one person to another. 


Moderator relationships.—Research continues to be concerned with the 
rural-urban differential as one correlate of these individual differences. Thus 
Wild & Kempner (116) find that those from urban areas are more disposed to 
accept rationalized and paced work and thus by implication would be expected 
to respond less positively to job enlargement. Yet Shepard (100) presents data 
suggesting that alienation is not a mediating variable in the job size-job satisfac- 
tion relationship. 

In view of the lack of conceptual clarity surrounding the alienation concept 
demonstrated by Seeman (98), it is fortunate that researchers have moved to the 
more precise specification of psychological moderators. The research in this 
area has been extensively reviewed by Hulin (40) and by Hackman & Lawler 
(35). The latter have also conducted a particularly significant investigation of 
their own. They have been able to demonstrate that the positive relationship 
between enlarged jobs (in terms of variety, autonomy, task identity, and feed- 
back) and favorable outcomes (satisfaction, high quality work, and low ab- 
senteeism) is primarily a characteristic of those who desire higher order need 
satisfaction strongly. Thus, it would appear that individuals in whom such needs 
are dominant will be most likely to respond favorably to job enlargement. This 
motivational moderator appears to provide for more precise prediction than 
moderators of a sociological nature. 


THEORIES OF OCCUPATION-RELATED MOTIVES 


We will consider under this heading those theories that in their personnel 
applications have been formulated to apply primarily to specific occupational 
groups—entrepreneurship and economic development, management of bureau- 
cracies, etc. 


Achievement motivation and entrepreneurship —The close relationship between 
achievement motivation and success in entrepreneurial activities continues to be 
documented. Wainer & Rubin (110) conducted a study of technically based 
firms in the Boston area and found achievement, but not power or affiliation 
motivation, closely associated with company growth rates. Hundal (41) found 
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achievement motivation closely associated with the growth rate of small firms in 
India. 

In a series of studies, McClelland & Winter (62) have attempted to inculcate 
achievement motivation using management development procedures, and to 
measure the consequences in terms of subsequent entrepreneurial success. Al- 
though not all the efforts reported were successful and the research program was 
beset by many difficulties, some evidence in support of the underlying theory was 
obtained. In the major study achievement motivation was increased by training. 
In addition, those who underwent training were subsequently more active in 
stimulating business growth and in new economic ventures than those who did 
not. This type of entrepreneurial activity was particularly pronounced where 
opportunity was greatest, i.e. where the individual was in fact in charge of a 
business. 


The dynamics of achievement motivation—Additional studies have been de- 
voted to understanding the dynamics of achievement motivation, and thus 
elaborating the underlying theory, and to exploring interactions with leadership 
styles. Weiner & Kukla (113) present support for the view that individuals high 
on achievement motivation approach achievement-related activities and persist in 
them longer because they tend to ascribe success and failure to their own efforts 
and thus experience greater internal rewards and punishments. The tendency to 
seek tasks of intermediate difficulty is seen as resulting from the fact that such 
tasks yield more information about one’s capabilities. Thus Weiner & Kukla 
reinterpret aspects of achievement motivation theory in terms of attribution 
theory. 

In addition, achievement motivation theory has been extended to take into 
account the effects of expected future outcomes (and accordingly allied to VIE 
theory). Thus Raynor (86) found that students with high achievement motivation 
received higher grades when the grade was viewed as instrumental to career 
success than when it was not. Other research by Raynor & Rubin (87) also sup- 
ports this position that achievement motivation is more likely to be translated 
into achievement behavior when that behavior is viewed as a contingent condi- 
tion for later success. Considerations of this kind may explain the negligible 
relationships between achievement motivation and outcome variables that 
Patchen (81) noted in the TVA organization. 

Research relating achievement motivation to leadership styles and organiza- 
tional climate continues. Misumi & Seki (67) found that in groups constituted of 
individuals with high achievement need a strong balanced supervisory emphasis 
on both performance and group maintenance considerations was most effective 
and a laissez-faire approach least effective. In low achievement motivation 
groups a strongly performance oriented ‘style was most effective. Donley & 
Winter (17) have shown interesting relationships between the achievement and 
power motives of U.S. presidents, as measured from inaugural as and 
on subsequent style i in office, 
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Role-motivation theory.—Gantz, Erickson & Stephenson (28) provide added 
evidence of the construct validity of the concept of managerial motivation as 
defined by the role-motivation theory. In addition, managerial motivation so 
defined continues to show good correlations with measures of managerial 
effectiveness. Miner (63) presents data which indicate the theory is applicable 
primarily within large bureaucratic organizations. While managerial motivation 
has consistently related to success in these organizations it has not proved to be 
important in smaller professional and semiprofessional organizations. The same 
paper deals at some length with the subject of changes in the level of managerial 
motivation over the decade of the 1960s among college students. The data suggest 
that a major decline in such motivation has occurred. 

A study conducted by Miner & Smith (66) provides further information bear- 
ing on role-motivation theory. It appears that managerial motivation is tied to 
managerial career choice only very weakly among undergraudate students; at the 
graduate level, however, those with the intent to pursue managerial careers have 
much stronger managerial motivation than those who do not. The findings are 
consistent with the hypothesis that strong motives tend to become attached to 
specific, relevant career choices only as the individual learns more regarding 
alternative vocational possibilities. 


OVERVIEW oF CONTENT THEORIES 


The content theories have clearly generated a great deal of research in the 
past few years. This represents a major strength. On the other hand, this research 
has been rather fragmented with each theory establishing its own domain and 
often its own methods as well. As a result the “value added” from the effort put 
forth has been less than might be desired. Only in the case of need hierarchy 
theory and two-factor theory has any integration emerged and that has been both 
limited and very recent. Í 

There is a definite need at this stage for a more comprehensive theory which 
pulls the limited domain theories together. A listing of some motives which appear 
to have significance for organizational behavior now exists. What seems needed 
is a comprehensive theory of organizational and individual functioning which 
deals with the interrelationships among and dynamics of needs such as those for 
self-actualization, security, intrinsic satisfaction, achievement, power, and the 
others. In addition to motives considered by the content theorists, others which 
appear to be important in particular types of organizations might be considered 
for inclusion in such a formulation. Thus Ghiselli’s (29) findings regarding the 
significance of the traits of self-assurance and decisiveness in managerial work 
suggest a motivational base; Miner (65) presents data which seem to indicate 
that eliteness motivation may be an important factor in certain management con- 
sulting organizations. One solution to the problem of understanding the sig- 
nificance of different motives for behavior is the integration of the content and 
process approaches as Lawler (50) and Ryan (89) have attempted to do. 

An alternative approach would be to shift the research emphasis away from 
the specific needs and motives of most content theories to the motivational re- 
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quirements of tasks and to informal and formal job role requirements. Thus the 
major concern would be with the sum total of motivational inputs needed to 
satisfy job requirements. Theories of occupation-related motives have made 
progress along these lines insofar as the entrepreneurial role and the role of 
manger in a bureaucracy are concerned. If this approach can be extended further 
to cover a whole network of key jobs in varying organizational contexts, the 
possibility exists that a base for meaningful organizational change can be de- 
veloped long before the total complexity of specific human motives is understood. 
What might well emerge is a highly parsimonious but comprehensive theory 
which takes job requirements rather than human motives as its starting point and 
which thus capitalizes on the fact that personnel attitudes and motivation are only 
part ofa much broader domain of psychological study. 

Whatever the approach to comprehensive theory formulation, the study of 
personnel attitudes and motivation must be concerned with the organizational 
context in which manifestation occurs. Such organizational factors as climate, 
status congruity, reward and value structures, role conflict and ambiguity, and 
the clarity of behavior models all appear to relate to the degree to which there is 
integration or consistency of reinforcement in the organizational environment 
(64). If this matter of the degree of integration of climates, value structures, role 
structures, status relationships, or whatever one wishes to call them is not in- 
corporated in our more comprehensive theories, it seems unlikely that the results of 
laboratory studies will find consistent replication in the organizational setting. 
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Scientific study of the interplay between human behavior and its environ- 
mental settings has gathered considerable momentum during the last decade, 
certainly enough to warrant its present initial treatment in this review series. The 
current intellectual vitality of this research area derives in part from its lively and 
thoroughgoing multidisciplinary character. In addition to psychologists, re- 
searchers in geography, environmental design and planning (architecture, urban 
design, landscape architecture, regional planning), natural resources manage- 
ment, political science, sociology, anthropology, and engineering have con- 
tributed scientific findings and have developed its scholarly apparatus of research 
conferences, associations, newsletters, journals, reviews and collected readings, 
The proceedings of two conferences held at the University of Utah (16, 247) and 
three conferences sponsored in part by the Environmental Design Research As- 
sociation (EDRA) (13, 175, 220) form an important series in this country, while 
two significant conferences were held in Great Britain in 1969 and 1970 (45, 118). 
As a supplement to existing journals in the various disciplines, two recent publica- 
tions, Environment and Behavior (268) and Human Ecology (254), serve an archival 
function for research reports in this field. The newsletters, Man-Environment 
Systems, issued by the Association for the Study of Man-Environment Relations 
(ASMER) in this country, and Architectural Psychology, issued in Great Britain, 
also facilitate communication of multidisciplinary endeavors (14, 120). 

In an inherently and demonstratively multidisciplinary field, the matter of 
intellectual boundaries and labels offers recurrent, tantalizing, but only margi- 
nally important issues. In the present case, a general term, e.g. the study of man- 
environment relations, seems likely to be adopted for the field as a whole, while 
distinctive local terms may be employed within each discipline. For example, 
behavioral geography and psychogeography have been used by geographers in 
designating this area to colleagues within their discipline. Within psychology, the 
term architectural psychology has been employed, especially in Great Britain, by 
psychologists and research architects studying behavioral phenomena related to 
the built environment, while ecological psychology is associated with the pioneer- 
ing theoretical perspective of Roger G. Barker and his associates (19). Environ- 
mental psychology seems to be useful as an inclusive, theoretically neutral term. 


1 Preparation of this survey was supported in part by Grant No. GS-30984X from 
the. National Science Foundation. 
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In 1970, a comprehensive review ofenvironmental psychology and a major collec- 
tion of readings appeared (68, 202). The present review will provide a context of 
earlier contributions but will focus upon work appearing in the period from 1969 
through early 1972. The selection of topics is illustrative but probably not inclu- 
sive. 


Environmental assessment.—The novel value of man-environment studies for 
such professionals as architects, environmental planners, and natural resources 
managers lies in its systematic analysis of the human behavior that occurs in and 
responds to the environmental settings they plan, design, and manage. For psy- 
chologists, its distinctive attraction is just the opposite, namely, its serious atten- 
tion to the environmental contexts of human behavior. Indeed, a taxonomic 
interest in the descriptive properties of places is a prerequisite to substantive re- 
search on man-environment relations (10, 88, 191, 225, 226). A recent review (69) 
identified five levels of environmental assessment. First, the physical-spatial 
properties of places can be assessed. For example, Shafer & Thompson (230) 
related 40 descriptive dimensions of Adirondack campsites (e.g. distance to lake- 
shore, number of white birches) to their frequency of use. Second, the organiza- 
tion of material artifacts in places can be assessed. Using the Living Room Check 
List, Laumann & House (143) assessed the contents of over 800 living rooms and, 
by smallest space analysis, identified a social class dimension and a traditional- 
versus-modern stylistic dimension. Third, the traits of places can be assessed by 
human observers. Adjective check lists, bipolar rating scales, and Q-sort decks 
are being developed to permit observers to record their impressions of places in 
quick, comparable and comprehensive ways (47, 69, 119, 236, 248, 275). Factor 
analysis of environmental rating scales (115, 129, 180, 224, 269) have yielded 
several competing arrays of fundamental environmental dimensions. The appli- 
cation of multidimensional scaling techniques is also being explored (34, 195). 
Fourth, the enduring behavioral attributes of places can be assessed. The analysis 
of activity patterns can yield a comparison of places on the basis of the relative 
frequency with which types of activities occur in them (19, 129). Fifth, the institu- 
tional attributes of places can be assessed. Following the model of Stern’s studies 
(241) of educational institutions, Moos and his associates (178, 181) have de- 
veloped the Ward Atmosphere Scales, which assess twelve dimensions, including 
spontaneity, order, practicality, and affiliation. 


Environmental perception.—Just as environmental assessment has its parallel 
in personality assessment, the study of environmental perception is analogous to 
research on person perception, particularly in its focus upon the psychological 
and environmental factors which affect the impressions observers form of places 
and in its broad use of the term perception (2, 69, 98, 116, 216). The effect of cul- 
tural influences upon environmental perception has received considerable atten- 
tion in recent geographical writings (98, 216). One well-sustained research pro- 
gram has examined the relationship of observer characteristics (e.g. previous 
experience, personality) and environmental variations (e.g. frequency of floods 
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per site) to perceptions of natural hazards (41, 95, 130). Employing the technique 
of standard walks in several cities in this country, Lowenthal (155, 156) has re- 
lated observer characteristics to descriptive impressions of the urban environ- 
ment, Some research has tested the widespread assumption that environmental 
designers differ from laymen (and clients) in their perception of the built environ- 
ment (44, 114, 141) but apparently no study has explored the consequences, if 
any, that such differences may entail. Environmental settings can be presented to 
observers either directly (e.g. via a standard tour, a long-term residence) or indi- 
rectly by means of simulation techniques (e.g. films, photographs, models, video- 
tapes, computer graphics). The complex task of appraising the degree to which 
each mode of simulation approximates response to direct presentations is cur- 
rently under way (51, 80, 123, 142, 224, 274). The effects of relative complexity 
upon environmental perception and evaluation continues to interest psychologists 
and designers (128, 172, 203, 204, 271). 


Cognitive representation of the large-scale environment.—In his Image of the 
City, Lynch (157) sought techniques for examining the relationship between the 
physical form of urban areas and inhabitants’ images of them. His work also 
brought to life the general psychological question of how persons conceptualize 
the large-scale physical environment that cannot be seen all at once, froma single 
vantage point (35, 240). Although the map-sketch has become a popular tech- 
nique, it must be supplemented by other indices (e.g. model arrangements, dis- 
tance estimates, verbal descriptions, way-finding tasks) in converging upon the 
nature of cognitive representations (62, 99, 138, 147, 148, 240). The theories of 
cognitive development formulated by Piaget and Werner are useful in understand- 
ing the ontogenesis of topographic representations (109, 144, 159). In this regard, 
the finding that children as young as 5 years can interpret aerial photographs, and 
thus perform the mapping transformations of scale reduction and projective 
rotation, is provocative (35). By examining the map-sketches and verbal descrip- 
tions rendered by individuals at intervals along a walking tour through an un- 
familiar city, Gittens (94) has initiated study of the microgenesis of topographic 
representations. The role of cognitive styles is suggested by the observed types of 
map-sketches (e.g. route or sequential maps; survey or spatial maps) (11, 109); 
however, this lead has not yet been pursued. Social class and sex-role differences, 
perhaps mediated by variations in the physical and social orbits of activity rou- 
tines, are being examined as antecedent factors in the attainment of comprehen- 
sive cognitive representations of the urban environment (188, 189). 


Personality and the environment.—Environmental psychology seems destined 
to extend the scope of personality research in at least two ways. First, it is con- 
tributing new techniques for assessing environmental dispositions, a heretofore 
neglected array of personality attributes (63, 67). The preliminary form of the 
Environmental Response Inventory (165) attempts to assess such dispositions as 
pastoralism, urbanism, sensation-seeking, abstract conservationism, and environ- 
mental adaptation. The Environmental Personality Inventory (237) seeks to mea- 
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sure sensitivity to the environment, control over the environment, mobility, and 
environmental risk-taking. Several scales have been developed to assess stimulus- 
seeking and similar dispositions (1, 162, 196, 280). Other recently introduced 
devices include the Wildernism-Urbanism Scale (112), the Privacy Preference 
Scales (160, 161), the Mechanization Scale (97), and the Attitudes about Wildlife 
Q-Sort Deck (82). An attempt has been made to modify the Rosenzweig Picture- 
Frustration Test as a means of assessing reactions to natural and social hazards 
(18). Analysis of TAT and sentence completion protocols have suggested styles 
of coping with two kinds of hazards: tornadoes (231) and sudden storms in 
drought regions (232). 

Second, the basic paradigm of personality assessment research is being applied 
to the task of understanding and forecasting significant environmental behaviors 
and outcomes such as outdoor recreational activities, spatial behavior, adjust- 
ment to natural hazards, and status as various kinds of environmental decision- 
maker. Schiff (222) is relating locus of control and sensation-seeking to adoption 
of adjustments to natural hazards. The Environmental Response Inventory has 
been used in comparing national forest managers and users and in identifying 
subtypes of users (199). The Wildernism-Urbanism Scale has been related to 
preferences for management policies in national forests (112). Personality corre- 
lates of personal space measures have been sought (79, 209). 


Environmental decision-making —Human behavior plays an important role as 
an antecedent factor in transformations of the physical environment. The be- 
havior of every individual has some impact upon the environment, but in com- 
temporary society, environmental decision-making is also structured along 
professional and institutional lines. An important impetus of current research is 
the oft-voiced assertion that the social and behavioral patterns which currently 
constitute planning, designing, and managing the environment must be examined, 
appraised, and probably altered (70, 121, 234). One direction of research is testing 
the subsidiary hypothesis that professional environmentalists differ from laymen 
in their attitudes, beliefs, and perceptions of the environment (9, 44, 113, 114), 
while other research is delineating the distinctive personality and social character- 
istics of various kinds of environmental decision-makers (24, 43, 64, 107, 243). 
Considering the intricate network of participants and modes of participation in 
environmental decision-making throughout modern technological societies, the 
empirical analysis of differences between decision-makers and their clients and 
among types of decision-makers represents a formidable task. Thus far the effort 
has been rather scattered and fragmentary. Furthermore, the possible functional 
consequences of such differences for the decision-making process and for human 
behavior in the environment have not been examined. One mechanism for 
organizing research is to survey all types of decision-makers within a given 
environmental setting. Costantini & Hanf (60) have undertaken a study of this 
scope within the Lake Tahoe Basin in California. Another approach focuses 
upon behavioral factors in the design and planning process, including the 
implicit and explicit assumptions made about man-environment relations and the 
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influence of personality and cognitive factors in the generation of design solu- 
tions (59, 90, 152, 174, 176, 228). Finally, the ways in which laymen become 
involved in decision-making and the means and consequences of expanding their 
level of participation are receiving attention (17, 36, 51). 


Public attitudes toward the environment.—Environmental attitudes in this 
country and perhaps in others seem to have entered into a dynamic phase, high- 
lighted by Earth Day in 1970 (91, 229). In recent years, a split within the conserva- 
tion movement between the utilitarian-‘wise use’ orientation and the apprecia- 
tive-preservationist orientation was followed by the broader environmental 
movement, with its expanded concern encompassing air and water pollution and 
overpopulation (108, 183). Use of wilderness areas and membership in conserva- 
tion organizations appear related to upper middle class status, although it is not 
evident that the latter finding holds for local conservation groups as well as 
national organizations (108, 112). General environmental concern is positively 
related to educational level, and rather than bridging political cleavages, may be 
related to liberal views (60, 76, 247, 251). The rapidly proliferating programs in en- 
vironmental education offer promising contexts for studying the nature and 
antecedents of environmental beliefs and attitudes (117, 246). Several studies of 
public attitudes and perceptions of air, water, and noise pollution have been 
reported (15, 187, 217). In a period of rapidly shifting public opinion and the 
formation of new environmental interest groups, attitude surveys may enlighten 
policy makers about the state of their constituency and the likely reaction to 
large-scale regional schemes such as water development plans and transportation 
projects (259). However, the limits to their usefulness have also been noted: de- 
clared attitudes may not predict other significant behaviors; decision networks 
actually involve the interaction of functional interest groups rather than an un- 
differentiated public opinion (187, 259). Furthermore, as White wisely observes 
(259), because the actual consequences and side-effects of major environmental 
projects are rarely studied, public judgments (but also expert appraisals) of 
proposed projects must necessarily be speculative. Until large-scale environ- 
mental transformations are treated as experiments, this situation will not change 


The quality of the sensory environment.—Engen (81) has reviewed issues in the 
use Of the sense of smell in appraising environmental quality. Using a mobile 
odor laboratory for field experiments on the effluents of sulfate pulp factories, 
Lindvall (151) bas measured olfactory intensity at the source and monitored the 
effects of various counter-measures. The report of an international symposium 
held in Stockholm in 1970 (249) provides an excellent handbook on methods for 
measuring and evaluating odorous air pollutants at the source and in the ambient 
air. Psychological research on aircraft and traffic noise has focused upon subjec- 
tive annoyance, qualitative descriptions, and behavioral disruptions (92, 100, 136, 
166). The predictability of noise and the individual’s control over its termination 
appear to affect the degree of annoyance and behavioral disruption (211). Audi- 
tory studies of positive aspects of the sonic environment (238) include the qualita- 
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tive evaluation of architectural acoustics in classrooms (194) and concert audi- 
toria (110). Research on the quality of drinking water may be shifting from the 
use of expert panels to consumer assessments (39). Studies of the thermal prop- 
erties of the environment typically deal with comfort ratings (124, 213), but 
Griffitt (101) reports a negative relationship between ambient effective room tem- 
peratures (i.e. 67.5 vs 90.6 degrees Fahrenheit) and interpersonal attraction. 
Multivariate analysis of weather conditions and police calls in Ft. Worth, 
Texas (227), suggests a tendency for police work to increase in warm, fair 
weather; however, physiological and psychological effects of temperature pressure 
have not yet been disentangled from seasonal activity patterns, amount of day- 
light, and similar variables. Appraising the quality of interior lighting is com- 
plicated by a positive sentiment for natural daylight (257). Thus far studies of 
windowless classrooms and offices do not point to any enlightening trends 
(215, 250). As a factor in person perception, the angle of light may influence such 
evaluative attributions as “threatening,” “hostile,” “friendly,” and “determined” 
(22). 


Ecological psychology and the analysis of behavior settings. —Since Barker’s 
presentation of the state of ecological psychology in 1968 (19), expansions and 
empirical tests of the theory of behavior settings have been reported, and the 
technique of behavior setting surveys has been extended from small towns and 
schools to urban areas and an array of institutional settings. Several studies add 
further support for the hypothesis that the degree to which behavior settings are 
relatively under- or overmanned has significant consequences for setting oc- 
cupants, at the levels of both overt behavior and subjective experiences (260, 
262). For example, Wicker (261, 263) has shown that small churches tend to be 
undermanned, members of small churches display greater support and participa- 
tion, and new members report greater assimilation than new members of larger 
churches. In an effort to move research on behavior settings beyond static 
description, Wicker (262) also examined several theoretical viewpoints on processes 
which may mediate behavior-environment congruence. Bechtel and his associates 
conducted behavior setting surveys of two poor urban neighborhoods and a 
public housing project (27-29), which were compared to a small town (ie. 
Barker’s Midwest). Bechtel (27) also reviewed the methodological problems en- 
tailed in extending this technique to large cities. Wright (277) summarized a 
series of comparative studies within the framework of ecological psychology 
dealing with children in small towns (less than 2000 persons) and a large town 
(32,858 persons). The technique of behavior setting surveys found continued 
application in studies of school environments and also in studies of treatment 
environments and residential contexts (103, 105, 146, 265). Gump (104) has ad- 
dressed himself directly to the implications of ecological psychology for environ- 
mental design and planning, while Willems (266) related it to the wider range of 
research on man-environment relations and to the ecological movement. Par- 
ticularly in its emphasis upon naturally occurring human behavior (20), it would 
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be difficult to overestimate the pervasive influence of ecological psychology upon 
current research. 


Human spatial behavior. —Significant recent publications include the papers 
of an international symposium on the use of space by animals and men (84), a 
collection of reports on the spatial behavior of older persons (190), and a book by 
Sommer on personal space (233). Studies of home range in human behavior have 
dealt with everyday out-of-the-house activities and extended travels (8, 49, 54, 
133, 139). Some evidence points to the influence in children and adults of sex-role 
differences and access to modes of transportation (8, 50, 185, 189). For example, 
bike ownership appears to be positively related to home range among second 
and fourth graders (8). Social and personal factors influencing extent of home area 
and neighborhood schemes have been studied (42, 148), Altman (4) contributed 
an excellent conceptual analysis of territoriality, and Roos (214) introduced the 
concept of jurisdiction in an analysis of institutionally sanctioned temporary 
territories. Several reports have related dominance to territoriality, suggesting 
that highly dominant persons tend to move more freely among areas and use 
highly desirable areas (75, 83), but the findings of Sundstrom & Altman (245) 
point to a more complex relationship. Studies of men living in confinement (i.e. 
limited home range) indicate that incompatibility on personality traits increases 
territoriality and that temporal patterns of territoriality differ between dyads 
who complete the mission and those who abort (7). Although Hall (106) has sug- 
gested broad as well as narrow definitions, the term proxemics is increasingly 
used to refer at least to the study of interpersonal spatial behavior (56, 78, 255). 
The measurement of personal space has received methodological attention (31, 
85, 208). Correlates of sex, race, status, and personality variables with inter- 
personal distance are being explored (23, 25, 122, 149, 168). Violations of personal 
space continue to be used in studying compensatory reactions to spatial intru- 
sions (163, 192). Patterson & Sechrest (193) examined the effects of interpersonal 
distance on impression formation, finding ratings of social activity (i.e. friend- 
liness, extraversion, dominance, aggressiveness) to decrease with distance. Lett, 
Clark & Altman (150) issued a useful propositional inventory of research on 
interpersonal distance. Altman & Lett (5) offered a broad ecological model of 
interpersonal relations, encompassing antecedent factors, stiuational definitions, 
environmental props, and the use of self-markers. In the same spirit, Mehrabian 
& Diamond (167) studied the effects of furniture arrangement, environmental 
props, interpersonal distance, and personality variables upon affiliative behavior 
and memory for the experimental room. 


Behavioral effects of density —Recent reviews (52, 278) document the striking 
paucity of scientific knowledge about the effects of density upon human behavior, 
but there is an abundance of speculation in the popular press and generalizations 
from animal research. However, experimental studies have finally begun to 
appear. In a series of experiments employing spatial densities as high as 4 square 
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feet per person, Freedman, Klevansky & Ehrlich (89) found no evidence for any 
effect of density upon the performance of a range of simple and complex tasks. 
In a study employing a comparable range of spatial densities, Griffitt & Veitch 
(102) found density to be positively related to dysphoric mood ratings, negative 
evaluations of the experimental room and the experiment, and low interpersonal 
attraction. On the basis of studies with preschool children, McGrew (164) sug- 
gested that social density (i.e. the number of persons available for interaction) 
may have more important behavioral consequences than the spatial density of 
settings. Under conditions other than high spatial density, interpersonal distance 
(i.e. the physical distance between persons) can vary independently of social and 
spatial density. For example, Baxter & Deanovich (26) report that inappropriate 
crowding (i.e. experimenter’s right shoulder less than 6 inches from subject’s left 
shoulder) results in a higher degree of anxiety attributed to dolls in the Make-A- 
Picture-Story Test. Experimental studies will inevitably be limited in the dura- 
tions and range of activities that can be analyzed. However, studies in natural 
settings (e.g. 223, 235) also present problems, particularly in disentangling ex- 
traneous correlates of density which may account for the observed behavioral 
outcomes. A somewhat distinct and noteworthy approach to the study of density 
has focused upon pedestrian behavior in notably crowded spaces such as lower 
Manhattan and the ticket halls of the London Underground (30, 242). 


Behavioral factors in residential environments.—Except for a notable study by 
Fanning (87), research on housing and neighborhoods has shifted from experi- 
mental and quasi-experimental studies of behavioral impact to the analysis of 
attitudes, conceptions, and preferences and to the monitoring of behavior pat- 
terns that actually occur within them (74, 218), Altman, Nelson & Lett (6) and 
Perin (197) conducted detailed ecological studies of the daily patterns of be- 
havioral use of home environments; Cooper (58) contributed an insightful analysis 
of the house as symbol of self; and Rapoport (207) and Canter & Thorne (46) 
surveyed sociocultural variations in house form and house preference. Patterns of 
residential preference, choice, and satisfaction have been related to a wide range 
of inhabitant characteristics (132, 140, 221). This research strategy has also been 
extended from the house itself to attributes of neighborhoods (141, 171, 198). The 
willingness to trade off house qualities in exchange for attractive natural sur- 
roundings (169), the perception of environmental threats in the residential setting 
(53), and judgments of residential livability under varying levels of street traffic 
(12) illustrate the new, broader approach. There is a promising trend toward re- 
search relating behavioral outcomes to behavioral assumptions and goals em- 
bedded in residential planning and design (42, 57, 59, 141, 173). The requirements 
of special user groups such as the elderly (48, 145), children (33, 206, 219), college 
students (93, 201, 258), and members of long-duration missions in space and un- 
dersea (186, 276) have received attention. Studies of the behavioral impact of 
migration and relocation continue to appear (137, 264, 276). 


Behavioral factors in institutional environments —Behavioral mappings of a 
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wide variety of psychiatric wards (21, 105, 125, 126, 212, 239) represent consider- 
able descriptive accomplishments, including the monitoring of behavioral pat- 
terns subsequent to design alterations on one ward (126) and the evolution of 
spatial behavior patterns in a new facility (273). These studies, and similar reports 
on rehabilitation treatment environments (146, 265), suggest an array of variables 
that may influence observed behavioral patterns, most notably, the interaction of 
administrative policies with physical attributes of settings. Fortunately, tech- 
niques for systematically assessing the physical properties, descriptive traits, and 
social atmospheres of treatment wards are becoming available for use in conjunc- 
tion with behavioral mapping in multivariate research designs (173-181). Efforts 
to analyze these factors, plus patient and staff characteristics of ward users, face 
formidable problems and will entail large samples of treatment units. In other 
research on the hospital environment, the influence of nursing unit layouts upon 
nurses’ travel, subjective states, and interaction with patients has been studied 
(153, 253), while factors influencing the distances patients travel to hospitals also 
received attention (182). In the school environment, comparisons of traditional 
‘and open plan schools (38, 77, 252) reveal differences in activity patterns, but 
whether they reflect the structure of daily programs (32) or innovative spatial 
arrangements is not yet clear, nor have the interdependencies among these 
factors been delineated. The effects of interior landscaping substituted for more 
typical barriers (e.g. walls) constitutes a somewhat analogous topic of research 
on office environments (37, 73, 256). Remarkably little empirical research has 
been reported on behavioral reactions to transit vehicles and facilities (66, 96, 
131, 158, 177, 184), but current developments of rapid transit facilities may serve 
as an impetus to research in this area. 


Outdoor recreation and response to landscape.—With few exceptions, research 
on the diverse forms of outdoor recreation has focused upon demographic and 
sociological variables; a psychological understanding of them remains quite a 
way down the trail. Characteristics of wilderness users have received some study 
and consideration in management policies (112, 170). With the remarkable in- 
crease in the popularity of hiking, camping, and similar activities, the environ- 
mental consequencies of user impacts are a source of concern, and efforts to con- 
trol depreciative behaviors are under way (55, 111). Burgess, Clark & Hendee 
(40), evaluating six antilitter procedures, found the incentive technique most effec- 
tive. In an ingenious study, Adams (3) related the decision to travel to a New 
England coastal beach to: (a) evaluation of the accuracy of weather information 
(e.g. on the prior evening newscast); (b) predicted and on-site weather conditions; 
and (c) factors affecting beach users’ tolerance of suboptimal weather conditions 
(e.g. length of planning for the trip, group size). Appreciation of scenery is a 
component of many forms of outdoor recreation. A role theoretical analysis of 
the scenic observer has been advanced but remains untested (65). Research on 
descriptive and evaluative assessments of landscape may provide an empirical, 
behavioral basis for landscape aesthetics (61, 71, 72, 86, 205). Objective assess- 
ments of landscape quality are likely to find application in decision-making con- 
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cerning preservation, forest management, and site-selection for outdoor recrea- 
tional facilities (154,.200, 267, 279). The proceedings of two recent symposia 
provide a useful overview of research on outdoor recreation and response to 
landscape (135, 210). 


Overview.—A broad, thin, but rapidly expanding layer of empirical research 
underlies current knowledge in environmental psychology. An intriguing ques- 
tion is whether environmental psychology will function narrowly and usefully asa 
chapter title for disparate but related topics, or will instead come to signify a 
coherent theoretical framework for understanding man-environment relations 
from a psychological perspective. Certainly there are conceptual resources at 
hand for encouraging aspirations to the latter goal, including the approach of 
ecological psychology (19), multivariate analysis of the interplay among personal- 
itys, social and environmental systems (70, 225, 226), study of the dynamics of 
behavior-contingent physical systems (134, 244), and general models of behavioral 
adaptation and adjustment (127, 130, 270, 271, 272). 

In light of the number of fronts currently under investigation along the be- 
havior-environment interface, it is evident that the field could tolerate a sig- 
nificant increase in research manpower yet still retain its status as an under- 
manned behavior setting, with all its consequent benefits for individual par- 
ticipants (e.g. heightened responsibility and assimilation, diversity of activities, 
and experiences of obligation, involvement, and self-worth). Research in en- 
vironmental psychology also offers investigators the attractions of multidiscipli- 
nary enterprise, cross-field efforts within psychology, and potential societal con- 
tributions in the form of more enlightened environmental decision-making. 
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SOCIAL AND COMMUNITY INTERVENTIONS’ 


Emory L. Cowen? 
University of Rochester, Rochester, New York 


INTRODUCTION: SCOPE OF THE FIELD 


Not infrequently, chapters in the Annual Review of Psychology begin with some 
variant of a simple framing stem such as: “During the past 12 months...” 
etc. This order of housing does not well fit a debut chapter on the titillating, but 
still misty, topic of Social and Community Interventions. There is every reason to 
suppose that this concept, however attractive and zeitgeisty as an abstraction, is 
fully as amorphous as other kindred, currently popular ones such as community 
mental health (CMH), community psychology, community psychiatry, social 
psychiatry (76, 106, 134, 365). While such abstractions are for many haloed as 
God, motherhood, and flag, the actual functions they subsume may range from 
showing Szondi plates to ghetto residents in an inner-city store front to engi- 
neering new communities. ` 

Thus, simply to preen one’s scholarly feathers and to plunge unswervingly 
into a full-dressed review of a fixed domain, proclaimed by fiat as the turf, would 
be arbitrary and unrealistic. There is much greater need to understand the 
problems that have energized the social and community (SC) thrust, and to 
arrive at a preliminary set of interrelated concepts which collectively offer an 
attractive alternative to past dominant efforts to cope with such problems. 
Without debating the question of whether social and community interventions 
(SCH) is genuinely a new area for psychology, a view rendered doubtful by several 
recent, scholarly, historical analyses (56, 228, 229), versus merely several ancient 
ones gerrymandered, the fact that it surfaces at this time dictates that more than 
usual attention be directed to “gut” articulating questions such as: “What is the 
field all about?” “Why does it emerge now ?” “What are its main challenges and 
opportunities ?” 

One genuine appeal to the writer of a “first” chapter is that he is less encum- 
bered by constraints and fixities that are inherent in more codified fields. In the 
absence of clear ““no-nos” he has more than the usual opportunity to disport 


1 The following abbreviations are used in this chapter: C (control); CMH (com- 
munity mental health); E (experimental); IDS (Institute for Developmental Studies); 
IYS (Institute for Youth Studies); MH (mental health); NSC (Neighborhood Service 
Center); RYC (Residential Youth Center); SC (social-community); SCI (social-com- 
munity interventions), 

2? The writing of this chapter was supported in part by a grant from the Pilots and 
Experimental Training Branch of NIMH (MH-11820-03), which is gratefully acknowl- 
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cherished notions and hard come-by prejudices. Unfortunately, this advantage 
is also a disadvantage in that readers (who, if all goes well, may outnumber the 
author) have precisely the same rights and privileges. To the extent that fellow 
blind men see different parts of a projective elephant, the writer is fully vulnerable 
to the “why-that-and-not-this?” reaction syndrome. 

It may be instructive to consider this chapter in the context of a brief review 
of the history of the Annual Review of Psychology—itself a “social institution” 
that has had significant input into shaping the discipline over the past quarter 
century. For 23 years a chapter on Psychotherapy has always been a surety? of 
the Review. Investment in this generic area was strongest during the Review’s 
initial decade when each volume included separate chapters on Counseling and 
Psychotherapy. Whether that mini-moment in history happened as it did by 
plan or default, it betrays several highly influential, buried assumptions that bear 
excavation, dusting off, and critical re-examination in the context of today’s 
rapidly shifting social forces. These assumptions have to do with the mental 
health (MH) professions’ views about how best to approach and deal with com- 
plex problems of disordered behavior. Clinical theorizing, derivative practice, 
and research all mirror the implicit assumption that the time to initiate help is 
when a person experiencing problems, sometimes grave, recognizes them and/or 
is rendered ineffectual by them. At such moments, he, or those responsible for 
him, send out a cry for help. We have thus been markedly shaped by an “end- 
state” mentality wherein interventions begin when rooted dysfunctions (e.g. 
neuroses, addictions, schizophrenias) exceed threshold, disrupt the individual’s 
happiness or effectiveness, or intrude on others. The core aim of ensuing inter- 
ventions has been to relieve the debilitating conditions, i.e. to rehabilitate an 
already disabled—sometimes chronically so—individual! 

Modally, clinical interventions have taken place in one-to-one formats and 
have been partial to the view that some variant of the generic giant of psycho- 
therapy is the structural approach of choice in our helping armamentarium. The 
foregoing assumptions and ways of proceeding are hardly exclusive to clinical 
psychology; rather, they have long governed the approaches of all helping 
professions. Implicitly, though perhaps unintentionally, they have been dignified 
and strengthened by the Review’s decision to include a chapter on Psychotherapy 
in all prior volumes. It is as if we have automatically accepted the identity: 
“Helping people in distress= Psychotherapy”! If indeed we have succumbed to 
this view, a confluence of the past decade’s swelling tides necessarily raises two 
critical issues: Should the primary efforts of the helping professions be directed 
to individuals in current psychic distress and, if so, how much of the investment 
should, specifically, be in psychotherapy ? 

Ferment generated by these issues prompted the Review to formulate a new 
policy about future chapter organization and content in this area. Thus, the 
preface to Volume 22 advances a long-range plan to rotate triannually chapters 


8 Except for Volume 20 where the chapter, though “commissioned,” was not com- 
pleted. 
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dealing with approaches to Intervention in Psychopathology—individual, group 
and social-community—and to include an additional chapter each fourth year 
on Prevention of Mental Disorders. 

The reviewer, from his position of infinite bias, applauds the wisdom of 
this “game-plan” but questions its specifics, particularly as they pertain to the 
actual meaning of the four concepts comprising the new, holy quadroika. Whereas 
individual and group interventions have established histories in a repair tradi- 
tion, prevention, in principle, does exactly the opposite, i.e. it short-circuits the 
need for repair. The trickiest of the four concepts, unfortunately, is SCI, which 
at the moment is little more than a polymorphous perverse locus-designator. As 
this concept clarifies, the new Review chapter organization proposed in Volume 
22 may come to grief. (Indeed, the writer will do his best to cause this to happen!) 
Ultimately the most important conceptual distinction should be the one be- 
tween rehabilitative-restorative efforts and preventive-prophylactic ones. The 
importance of “community” lies in the opportunities it affords for reconcep- 
tualizing and for preventive programming. Thus, future chapters on individual 
and probably on group interventions are likely to favor the established psycho- 
therapy mold, while SC and prevention chapters may fuse. 

Neither pedantry nor the sheer joy of semantics prompt the above distinction. 
Rather it is needed to set a tone for this chapter! The author’s interest in a social 
and community framework lies in its potential for generating bonafide, par- 
ticularly preventive, alternatives to traditional MH programming. He is reluctant 
to accept the views that we can only, or best, help people when they are distressed, 
or that MH work should begin only after pathology appears. The latter may be 
too strongly implied by the Annual Review’s new chapter organization plan, when 
SCI is listed as a subhead under Interventions in Psychopathology. 

What is a proper scope for SCI? For a fleeting, hopeful moment, the writer 
thought that he might answer this question via a lazy man’s promenade in opera- 
tionism. His reasoning, more defensible logically than empirically, was that the 
Community Mental Health Journal (CMHJ), regarded by many as a front-and- 
center exemplar of this new domain, had been in existence for about 7 years, 
exactly the period of marked swelling of the SC tides. Should not a careful con- 
tent analysis of the articles appearing in this journal provide the Talmudic 
wisdom—the blinding glimpse of the obvious—about the area’s precise nature? 
Retrospect indicates that the foregoing assumption was, charitably speaking, an 
exercise in pious naivete. 

In the 7-year period between the first CMHJ issue and June 1971, 31 numbers 
appeared, containing about 330 papers. The chronicler would be able whose 
conceptual powers allowed him to “shoe-horn” these 330 papers into as few as 
100 categories. By federating families of topics (e.g. mental illness, the mentally ill, 
mental hospitals, mental patients) one can eke out some 30-35 papers. Other 
gelatinous rubrics such as “programs and descriptions” and “planning” account 
for perhaps another score. Special topics that have attracted “one-shot” atten- 
tion are numerous—e.g. articles about judges, unwed mothers, the dying, parents 
of preemies, and MH among the Eskimos—each has its assigned space. The full 
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spectrum of content baffles and defies most sophisticated machine factor analysis 
and the most perspicacious eyeball. Moreover, the ratio of speculation to re- 
search is alarmingly high. If one uses the liberal criterion of whether the author 
mentions a number or draws a chart to classify a contribution as “research,” 
about 3 of 10 CMHJ articles is “researchy.” Of those, a fair number are simply 
descriptive (e.g. 30% of the dischargees from hospital X were ages 40-50, and 
20% were ages 50-60). 

Although this brave venture in cataloguing failed abysmally to answer the 
intended “defining” question, it was informative beyond the points noted above. 
In infinite innocence the writer had supposed that the word prevention would be 
an important high-frequency one in CMHJ. Accordingly, he checked all titles for 
kindred words such as “prevention,” “prevent,” or “preventing.” Ten such 
usages (3% of all articles) were noted, which at first blush is disappointing. The 
second blush was worse, since of those 10 occurrences, 6 were preceded by the 
word suicide, one by delinquency, and two followed by “chronic illness” and 
“on campus,” respectively, 

A clearer picture of the evolving SC area can be obtained from Golann’s 
very useful Coordinate Index Reference Guide to Community Mental Health (138). 
This volume includes a content-coded listing of more than 1500 references en- 
tered according to 125 topical areas, grouped into broader sections such as: con- 
cepts and theory, educational systems, and social welfare systems. Roughly 27% 
of the entries are coded as research reports; only 2% are coded “primary pre- 
vention.” 

The two descriptive pathways cited offer convergent evidence that the SC 
area has thus far largely ignored primary prevention and has failed to develop 
a strong research base. The latter observation has already been made by others 
(33, 308), though Roen justifiably urges patience, both because of the youngness 
of the field and the intrinsic complexities of research in the live social arena. 
Perhaps the most important message coming from this account is the diffuse 
quality of this young, volatile field. While there may be advantages, as some have 
suggested (192), to nurturing amorphousness during formative periods to avoid 
foreclosing options prematurely, some defining and crystallizing of core elements 
is needed if only to help soulmates communicate. The danger that such structur- 
ing will be too “narrow” is not overly grave. Whatever can be sensed about the 
SC framework tells us that its potential scope is enormous and that is it develop- 
ing at a near-exponential rate (86, 193). 

Prompted more by masochistic than scholarly reflexes, the author attempted 
to catalog recent volumes that may fit a loosely defined SCI framework. The 
hunt, less than exhaustive, produced more than 250 titles. A major grouping of 
these consists of broad overviews or surveys of the field, however defined by the 
authors (e.g. 1, 22, 23, 27, 30, 46, 52-54, 73, 86, 104, 105, 119, 132, 153, 216, 
217, 221, 223, 305, 310, 318, 329, 362, 370). More specific subareas represented 
in this publication explosion include: 1. Epidemiology, System Structure and 
Analysis, and Ecology (e.g. 11, 19, 71, 72, 92, 100, 103, 107, 114, 186, 201; 230, 
253, 254, 258, 262, 274, 319, 372); 2. New Uses of Mental Health Manpower 
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(e.g. 2, 9, 41, 58, 59, 69, 109, 130, 131, 145, 150, 152, 155, 164, 245, 290, 334, 352). 

If, instead of cutting the SC melon up and down according to structural 
domains, one cuts across to get at content areas such as schools and the poor, 
the number of recent books both stagger the imagination and make it impossible, 
even for highly motivated, well organized camp-followers, to keep pace. A few 
examples serve to illustrate the development: 3. Schools (e.g. 6, 36, 38, 39, 47, 70, 
102, 115, 116, 127, 137, 174, 203, 222, 255, 259, 268, 312, 317a); 4. Inner City 
(e.g., 51, 64, 94, 97, 98, 122-124, 126, 146, 158, 163, 166, 169-171, 173, 190, 191, 
205, 219, 282, 285, 288, 291, 298, 299, 304, 313, 353). 

The rapid-fire citation of sources in the burgeoning SC field is intended less 
to dazzle the beleagured reader and more to convey a sense of the area’s explosive 
growth and the attendant difficulties facing the reviewer who seeks to find order 
in chaos. Accepting the inevitable, i.e. that space will not permit grand progress 
through all of the labyrinthian byways of this remarkable can of worms, the 
rest of the chapter focuses on brief reviews of developments in several crystal- 
lizing subareas that seem destined to influence tomorrow’s SC profile importantly. 


UNRESOLVED MENTAL HEALTH PROBLEMS 


An approprate foundation for further discussion may come from considering, 
if only in skeletal form, several core, unresolved problems besetting the house of 
mental health today. Over many centuries our concepts of disordered behavior 
have both broadened and come to encompass less florid, more subtle conditions 
than before. This inexorable trend, as suggested elsewhere (365), is multiply de- 
termined. In part it reflects greater diagnostic sophistication and ability to read 
complex intertwinings between emotional difficulties and other problems of liv- 
ing. In another measure it mirrors the technological evolution of Western 
civilization, the resultant increase in leisure time, and the growing likelihood 
that material needs will be met. Taken together, these social changes turn greater 
attention to man as a psychological being. Consequently, more people today 
than ever before are concerned with MH problems, broadly defined, and more 
social institutions (e.g. schools, industrial organizations, the military) have 
assumed responsibility for such problems because they relate intimately to in- 
dividuals’ behavior and performance in those settings. 

All this adds up to an ever-growing demand for MH services—a demand that 
exceeds available resources now or in the foreseeable future. With a spate of 
epidemiological-demographic studies suggesting that need for mental health 
services far exceeds evident demand (2, 8, 9, 198, 224, 313, 337), it is fair to say 
that one significant problem facing the MH fields today is that they cannot meet 
pressures, expressed and latent, for help. Our most recent refresher course (198) 
tells us the same thing in slightly different form: i.e. nearly 14 million children 
under 18 are estimated to need immediate professional assistance; less than 30% 
of them are getting such help. 

Another order of problem, one which can be viewed at multiple levels (e.g. 
cross-sectionally or historically, by technology or by disordered conditions, 
etc), has to do with the effectiveness of MH activities. How successful, for ex- 
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ample, have we been historically, or are we now, with so-called major mental 
illness including schizophrenia and other of the functional psychoses? Here the 
cumulative record shows that we have been remarkably ineffective either in ad- 
vancing understanding or treating these conditions (42, 280, 322). A second perti- 
nent concern has to do with the effectiveness, measured clinically and socially, 
of highly valued MH technologies as, for example, psychotherapy. Considerable 
data seriously challenge the imputed precision and effectiveness of this approach, 
even for the select few it reaches. More important in the social sense, distribution 
of scarce psychotherapy time is subject to marked biases—some explicit, some 
insidious—and, in the end, limited resources are disparately allocated to wealthier, 
better educated people from large metropolitan areas (180, 240, 315). 

Many other MH services besides therapy are unevenly distributed. The poor 
attract less favorable prognostic judgments and it is more difficult for them to get 
any type of help. If seen, somatic and custodial interventions are more likely. 
Typically they are seen by less experienced personnel for shorter periods of time 
and with less positive outcomes (45, 129, 180, 240, 263, 315, 337). In practice 
then, MH delivery systems have resulted in help being least available and least 
effective for those who most need it. Additionally, serious questions have been 
raised about the appropriateness of middle-class services to the poor’s life- 
styles and ways of defining problems (43, 292). 

Thus the MH professions have failed in important ways to cope with dis- 
ordered behavior. Perhaps that phrasing is unduly harsh; it may be fairer to say 
that approaches which were once adaptive are no longer sufficient to the task at 
hand. And even though we can recognize these imperfections, change has been 
slow because viable alternatives have not been identified. The present challenge 
goes beyond expanding manpower pools, developing more effective interven- 
tions, or expanding reach. Though such measures would obviously help, if 
predicated on accepting dysfunction as a given, they would be too narrow. A 
conceptually preferable alternative is to prevent adverse outcomes, i.e. to engineer 
health rather than undo malformation. Effective prevention requires different 
skills and methods from those currently used by MH professionals; to realize 
its objectives professional training will need overhaul (213). Far from proposing 
a new set of interests to replace old ones, we are merely suggesting that many 
psychological problems cannot be effectively handled when crystallized and en- 
trenched. If that is so, we require a qualitatively different conceptual stance to 
disordered behavior if its problems are to be solved. This point bears on the oft- 
cited difference between “community mental health” and “community psychol- 
ogy” (24, 192). The former tends to accept entities as givens and to use diversified 
community services and approaches to augment effectiveness in coping with them. 
The latter, however, is broader and more oriented to engineering health-produc- 
ing settings and environments. 


CONCEPTUAL ALTERNATIVES 


Without having said so explicitly, the sense of the argument thus far is that the 
future of MH rests as much with its conceptual stance as with any other single 
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factor. The term “conceptual stance” is used simplistically rather than rigorously 
to connote a loose network of guiding views and interlocking assumptions 
about how disordered behavior comes about and how best to cope with it (365). 
Such a stance permits policy makers to hierarchize and select from a vast array 
of prospective approaches; it is thus an orienting framework for making alloca- 
tions in a finite resource system. 

For many MH professionals the day-to-day work world is narrowly defined, 
and they have enough certainty and satisfaction about what they do to simply 
“tune-out” on conceptual “noise.” They are far more concerned with the 
moment-to-moment effectiveness of their actions than with abstract, removed 
issues such as the overall good of individually useful but socially limited inter- 
ventions. For other professionals, conceptualization is a crashing bore. Un- 
fortunately, however, there is no such thing as non-conceptualization. One either 
conceptualizes planfully or by default. In the latter case, the field’s conceptual 
stance is betrayed (operationalized) by the sum of the activities of its constituents. 
If 90% of MH activities are in psychodiagnosis, therapy, and institutional care, 
then that is the field’s prevailing, if implicit, conceptual bias. Just as long as those 
requiring help and those who provide it are satisfied with what is happening, the 
system endures. As targets or providers develop concerns about what is (not) 
happening, or as new significant social problems potentially within the mandate 
of, but not addressed by, the existing system surface, its Godliness is challenged 
and alternatives draw attention. Today’s unresolved MH problems set such 
ferment into motion. A prime thesis of this chapter is that the preventive path- 
way as a bonafide conceptual alternative necessarily leads us in SC directions. 


MEDICAL MODEL 


Simplistically, the major conceptual tracks available in MH are those of the 
“medical model” emphasizing repair and rehabilitation of dysfunction, and the 
preventive model which emphasizes building for health. Brief examination of the 
major features of these two models highlights the potential as well as the limits 
of an SC approach. But first, several disclaimers! The terms “medical” and 
“preventive” model are pure abstractions—perhaps even caricatures! While MH 
programs may incline in one or the other of these directions, they are most often 
impure and cross boundaries. Second, concerns about the medical model are 
directed to its failures in coping with MH problems and do not “put the finger” 
on particular groups as, for example, psychiatrists or others with medical train- 
ing. To the contrary, the model is thoroughly panprofessional, and its orientations 
and practices equally well pervade the beliefs and activities of both medical and 
nonmedical MH specialists. 

The most fundamental assumptions and most serious failing of the medical 
model in MH is the belief in a structural parallelism between the onset, nature, 
and treatment of psychological and physical dysfunction. This assumed analogy 
need not be literal in the sense of psychological disorder necessarily being caused 
by invasions of noxious agents, viruses, or pathogens (5). Psychological causal 
agents such as anxiety, rejection, and insecurity can be involved equally well. If 
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the analogy is accepted, however, the MH specialist’s prime aims are to identify 
the causes and minimize the effects of dysfunction. While there are surely in- 
stances where this parallelism is valid (e.g. brain injury or tumor, toxic poisoning) 
the core of psychological dysfunction is different (32, 351). 

Most disordered human behavior differs qualitatively from the modal, 
short-term instance of physical dysfunction because it has deeper roots, longer 
germination periods, broader impact on many aspects ofthe person’s functioning, 
and is shaped to a greater extent by significant people, experiences, and social 
institutions in the individual’s history. Unfortunately, these differences have not 
been sufficiently respected, and in practice most MH professionals engage human 
psychic dysfunction when it is already evident, entrenched, and often has exacted 
a severe toll. At such times dysfunction tends to sustain itself and to resist 
amelioration. Given the firm rooting of problems over many years, resources 
that can be brought to bear on them are woefully inadequate. More than con- 
ceivably, dismal past failures in treating profound disorders such as schizophrenia 
can be attributed to unthinking acceptance of the faulty parallelism premise. 

Another limit of the medical model grows out of the fact that emotional 
perturbation so far exceeds resources for dealing with it. This imbalance supports 
the traditional “‘passive-receptive” stance of MH practitioners (76, 365). Typi- 
cally, the latter “set up shop” publicly or privately and wait for troubled in- 
dividuals with crystallized problems to find them. This approach is faulty in two 
ways. First, because the professional sees people with rooted difficulties which 
are part of complex, functionally autonomous life styles, conditions do not favor 
optimal intervention. This situation is further aggravated because help-seekers 
tend, quite unrealistically, to see the MH specialist as a knowledgeable expert 
who, like the physician dealing with physical dysfunction, discovers causes and 
implements simple, direct, cause-related cures. Second, there is sharp selectivity 
in who the professional sees—i.e. those whose personal views, ways of defining 
problems, and means permit them to seek help from a high-cost help agent. As a 
result, major segments of the population in need fall outside the reach of MH 
resources. 

Scope deficiencies of the medical model result both from what it actively 
does and what it does not do. The point has already been made that scarce MH 
resources are not evenly distributed across social strata. Equally significant is 
the fact that traditional MH practice is governed by “rules of the road,” some 
explicit, many implicit, about what is and is not an “appropriate” problem for the 
professional to handle; where, how often, and under what circumstances the 
helper and helpee should get together; how the setting should be appointed; 
acceptable styles for proceeding with the business at hand; and ultimate objec- 
tives. These rules strongly reflect middle-class amenities, and as such do not 
always well fit the broad range of ethnic, cultural, and experiential backgrounds 
of people having difficulties. The “let-them-eat-cake” stance that many MH pro- 
fessionals have adopted is ill-suited to the moment. The challenge is not how 
we can get “them” to buy “our thing,” but rather how issues can be reconcep- 
tualized and technologies modified to extend the helping professions’ "dout" 
manyfold. Presently the core ways of the medical model are so alien to the poor 
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that genuine help for them is impossible. The potential elasticity of the SC frame- 
work, by contrast, offers attractive options for extending the scope and impact of 
helping interventions. 

None of the foregoing considers directly the effectiveness of basic medical 
model practices in MH. Raising this question spotlights concerns about the 
reliability and validity of judgments about personal attributes and pathological 
functioning and the effectiveness of interventions to ameliorate dysfunction. 
Both of these questions have been studied energetically in recent years, though 
the collective findings do not add up to an encouraging sum. Long-standing, 
dignified lines of research have called into serious question both the reliability 
and validity of psychological classification schema (10, 194, 199, 237, 247, 251, 
252, 356, 368) and the accuracy, or predictive power, of clinical judgments 
(183, 207, 238, 344). Even more disconcerting is the growing body of evidence 
(332) suggesting that advanced professional training is unrelated, or negatively 
related, to accuracy of judgment about one’s fellows. A recent study by Nathan 
et al (264) well exemplifies unfortunate “noise” in this area. In this research, 32 
MH professionals, after directly observing a comprehensive diagnostic examina- 
tion of an alcoholic patient, gave 14 different diagnostic judgments, ranging from 
temporal-lobe epilepsy to paranoid schizophrenia. Other studies point in much 
the same direction. Temerlin (345) had MH professionals and nonprofessionals 
observe a clinical interview with a healthy male oozing healthy behaviors. 
Subjects were told by a prestige figure beforehand that the interviewee had 
psychotic qualities. Both subject groups diagnosed him as seriously ill. Haase 
(160) asked two groups of comparably experienced clinical judges to rate 
Rorschach protocols. One group was given bogus case history materials indicat- 
ing that the patient came from a middle-class background, whereas the second 
was given the history of a low-income person. Although the actual test records 
were identical, significantly more favorable diagnostic judgments were given for 
subjects thought to have middle-class backgrounds. 

Mental health professionals do not agree on the extent to which interventions 
need depend on diagnostic judgments; and even where diagnostic judgments 
agree there is no necessary agreement about optimal intervention (342). The 
latter is more often determined by factors such as the professional’s prior back- 
ground and training, attributes of patient and setting, and the clinician’s biases. 

The question of the effectiveness of MH interventions is still being debated 
intensely. A recent scholarly review on therapy outcomes (28) ends on a note mid- 
way between the unbridled optimism of the early 1950s and the devil’s advocacy 
of the later 50s and 60s (110-113, 231-233), “. . . the evidence continues to yield 
the general conclusion that psychotherapy, on the average, has modestly positive 
effects” (28, p. 228). This conclusion is limited to selectively narrow portions of 
both the population (i.e. those who are seen in therapy) and of the spectrum of 
disordered conditions (i.e. relatively less serious dysfunctions). Certainly it does 
not apply to more profound pathologies such as schizophrenia, which have 
consistently resisted enduring positive change. 

Shortcomings of the medical model have not escaped attention, even from 
ardent supporters. Nor has this orientation lacked for dedicated, intensive 
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effort to shore up its weak points. For planning bodies in positions of social 
responsibility, such efforts have focused heavily on expanding the model’s 
scope so that services can reach the heretofore unreached. Thus we have witnessed 
strong recommendations of the original Joint Commission (197) to develop 
CMH centers and to liberalize views of who can serve as help-agents so as to 
broaden service networks, as well as the recent report of the Children’s Joint 
Commission (198) with its powerful push for more extensive, effective children’s 
services and its specific concerns about the problems of minority groups and the 
poor. Both reports represent sincere efforts to identify critical areas not previously 
reached by MH operations and to eliminate these gaps. 

Practitioners and researchers, from different vantage points and using 
different methodologies, have worked diligently to improve the medical model’s 
effectiveness. Many new approaches have recently been developed for the pro- 
foundly ill: e.g. day hospitals, night hospitals, foster placements, half-way houses, 
various milieu approaches, token economies and behavior modification tech- 
niques. And for the less disturbed, efforts to improve the model’s effectiveness 
include the development and testing of various new, hopefully more successful, 

‘interventions such as: behavior modification, implosive therapy, a variety of 
humanistic, affect-releasing approaches, as well as structural technique modifica- 
tions such as family therapy. 

Such efforts in the absolute are to be encouraged! There are, and will con- 
tinue to be, psychological dysfunctions with physico-organic bases or predisposi- 
tions. There are also circumscribed, reactive conditions (e.g. bereavement and 
grief, crisis, critical new adaptations, and situational disorders) that fall appropri- 
ately within a medical-model framework. And, however effective alternative ap- 
proaches may prove to be, they will not resolve all problems of disordered 
behavior. 

Potential improvements in the medical model, however, are restricted largely 
to expanding its scope and augmenting its effectiveness rather than to correcting 
its pivotal, underlying assumption of parallelism between psychological and 
physical dysfunction. A less obvious but perhaps more important consideration 
is that MH resources are and will continue to be finite (3, 4). The wisdom of using 
them to shore up weak spots in the medical model must be judged against a 
fuzzy metric of long-term good that might come from alternative, potentially 
more socially utilitarian allocations. 

The core of the argument can be summarized as follows: However understand- 
able the evolution and ascendance of the medical model, however necessary that 
portions of it survive, however much we can improve its efficiency, it fails to 
deal satisfactorily with today’s basic, nonpostponable MH problems, and as 
such it can no longer stand alone as the guiding frame for long-range planning. 
Reducing the flow of dysfunction is appealing as a conceptual alternative. If 
we cannot do this, we risk treading water until we drown! 


PREVENTIVE MODEL 


In classic public health terms the prevention empire has been divided into 
primary, secondary, and tertiary fiefdoms. Primary prevention in MH seeks both 
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to forestall dysfunction by reducing rates of occurrence of disorder in the popula- 
tion at large over long time periods and to promote psychological health and 
well-being (314, 365). Primary preventive activities are targeted impersonally to 
groups and communities; once individual distress is identified, intervention is 
other than primary. To be effective, primary prevention must be actively oriented 
to the effects of environments and settings, particularly widely influential ones 
such as the home and schools, on development. 

Secondary prevention (54, 76, 314, 365) seeks to stop relatively mild disorder 
from becoming prolonged and severe. This concept has been insufficiently dis- 
aggregated in the past and, as traditionally used, it embraces two distinct foci. 
One is exemplified by an orientation to children, as for example identifying mani- 
fest or incipient dysfunction in the very young and intervening to forestall 
further maldevelopment. The more typical sense of the term, however, and a 
strong emphasis of CMH centers, is reflected in efforts to detect an acute schizo- 
phrenic episode or an involutional reaction in the first several days, rather than 
weeks or months, of its unfolding on the assumption that it can be handled more 
effectively earlier. While both examples illustrate legitimate secondary prevention 
activities, they bespeak different foci, values, and resource allocations. 

Tertiary prevention (76, 314, 361, 365) seeks to reduce rooted dysfunction 
and to minimize its residual effects. In any genuinely functional sense, the term 
is a misnomer; discarding it completely would serve the useful purpose of reduc- 
ing confusion. The suggestion that the term be discarded is not meant to repress 
the underlying problems it addresses. Instead, it merely says that such activities 
are not prevention. So-called tertiary prevention activities should be justified in 
terms other than prevention, as for example the humanitarian goal of reducing 
human misery and discomfort. The latter is easy to opt for as an absolute; and 
if our world had limitless resources, continued pursuit of tertiary preventive 
goals would not have to be questioned. Alas, it does not and there is not only the 
eternal competition between MH and other fields for a “proper share” of so- 
ciety’s allocations, but also keen internal competitition within MH among many 
absolutely worthy contenders. The issue MH planners face is rarely to make 
binary choices between worthy and unworthy options and virtually always to 
decide among many “worthy” possibilities. To opt for a socially less promising 
program in a finite resource system precludes developing a more socially utili- 
tarian one. If, for example, in the name of humanitarianism, MH invested 100% 
of its effort in a crash effort to improve tertiary approaches, as perhaps suggested 
in the highly debatable recommendation of the original Joint Commission 
(197) that profound mental illness is the major unfinished business of the MH 
field, and if the consequence of so doing (even successfully) were to aggravate or 
fail to improve the plight of the many, it would mock the concept “democratic- 
humanitarian ethic.” 

Thus prevention is less unitary a term than what is suggested by its past 
traditional usage. The aims, methodologies, and programs of tertiary and late 
secondary prevention are entirely different from those of primary and early 
secondary prevention and are easily accommodated within a classic medical 
model framework. Highlighting this distinction and sharpening the implicit view 
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that the term prevention should be redefined to include only primary and onto- 
genetically early secondary prevention provides a crisper conceptual alternative 
to traditional medical model approaches and an ideological frame within which 
to consider SCIs. The reviewer finds this position both defensible and prospec- 
tively heuristic. 


Systems centered approaches—People sharing common interests in the un- 
folding SC area have often made a useful distinction between system-centered vs 
person-centered (or social-action vs interpersonal-action) aspects of a broad 
preventive model (54, 76, 314, 365). In the section to follow these strands are 
considered further. 

A systems focus is predicated on the assumption that human development, 
for better or worse, is profoundly, though not always obviously, shaped by a 
small number of key social institutions and settings. It also assumes that it is as 
legitimate for MH to try to promote sound development as it is to shadow-box 
against maldevelopment. As such, an orienting question that assumes prime 
importance is: “How do primary social institutions affect human development ?” 
To date, such influences have largely been random rather than harnessed to build 
for health. 

To understand the effects of settings on growth requires that we first develop 
systematic frameworks for describing settings—something we currently lack 
(21, 47, 157, 360). An important related issue is how to create settings or environ- 
ments that optimize adaptation (317-319)—a question that has profitably been 
posed at the very broad level of engineering new communities (225, 272, 273) or 
for narrower, more specialized settings (141, 142, 319). Vital as such an emphasis 
is, another element of complexity is introduced by the ecological concern of man- 
environment interaction and its relation to adaptation (19, 20, 209~212, 214, 
267, 308, 348, 349). 

To understand the enabling and restricting qualities of social settings estab- 
lishes a theoretical base for modifying them in health-producing directions. 
Even so, actual system modification is anything but a simple, cut-and-dried 
process touching, as it does, practical concerns of human security, vested inter- 
est, and entrenched ways of doing things. Fairweather (114) has contributed a 
significant volume on “experimental social innovation,” an approach combining 
service and research elements to produce orderly constructive social change. 

Epidemiology, the study of the incidence, course, and patterning of mental 
illness (308, 372), is another key tool of a systems approach. One author (34) 
has gone so far as to describe it as the “research base of primary prevention.” 
Far from being a Johnny-come-lately, epidemiology is a venerable approach with 
deep roots in public health medicine, as perhaps reflected in Zusman et al’s 
(372) compilation of a 1400--item bibliography on the epidemiology of mental 

_ disorder, just for a 2-year period. Important progress in preventing physical 
illness has come from the informed use of epidemiology by public health special- 
ists. The challenge for MH is whether it can develop and use knowledge of the 
patterning, or environment-related qualities, of disordered behavior to prevent 
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dysfunction. An even more intriguing possibility (34) is to develop an epidemiol- 
ogy of health. 

The family and school are among the most important social systems that 
shape the child’s development, since his early years are spent almost exclusively 
in those two settings. This basic view of the world as warm-cold, restrictive- 
enabling, menacing-supporting, and the interactive-coping styles he develops 
are crucially molded by experiences at home and in school. In contrast with the 
past focus on “malformation” and its antecedents, stronger emphasis is needed 
on understanding family interactions and school structures as these relate to 
positive outcomes. Hollister (181, 182) expresses this view in coining the word 
“stren” as an antonym to trauma to designate health-promoting, resource- 
building experiences. Hollister’s justifiable plea is for the MH fields to orient 
themselves to engineering “stren”-producing environments and interactions, 

An important harbinger of this approach is found in the recent volume by 
Lennard & Bernstein (226) which deals with family interactions both theoreti- 
cally and empirically. These investigators identify core family interaction dimen- 
sions and explore their correlates by comparing family vs therapy interactions, 
normal vs pathological, and German vs American family interactions. Examples 
of important dimensions considered include: opportunities for age-appropriate 
socialization, harmony-discord, and encouragement of self-initiated vs responsive 
behaviors. Though not exhaustive, this effort has considerable paradigmatic 
value; it models the needed emphasis on a basic taxonomy of family interaction 
and on relation between interaction history and later healthy or unhealthy out- 
comes. At a more clinical level, Bolman (35) describes a range of preventive 
possibilities with families. 

Despite the family’s crucial shaping influence, practically it is easier to work 
in schools. This is so because schools bring many children together under the 
same roof simultaneously, they have a unified administration and the potential 
for varied system interventions and modifications. Hence more work has been 
done in schools than with families. The questions systems-oriented persons ask 
about schools, however, are structurally much the same as those asked about 
families (i.e. What are the basic dimensions, overt or covert, of structure and 
interaction? How do these influence learning and development? How can the 
system be modified to enhance these objectives ?). 

Sarason’s recent volume (317a) offers a penetrating, thought-provoking 
analysis of how salient dimensions of the school environment can be concep- 
tualized and described and of the inordinately complex issues involved in effecting 
meaningful change in such environments. His effort well illustrates the heuristic 
value of cogent conceptualization for future program development and re- 
search; at the same time it reminds us that principles of change in the schools 
apply far more generally to other social systems. 

One profitable line of work, sensitive to the intertwinings of cognitive and 
personal development, has sought to develop curricula, educational climates, or 
experiences to optimize school development (29, 63, 239, 259, 275, 307, 324, 347, 
369). To engineer school environments effectively requires both frameworks for 
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meaningfully describing them and good hunches about their salient dimensions 
of influence. Fox et al’s (125) work on diagnosing classroom environments takes 
an important step in this direction by providing a framework and some tech- 
nology for describing classroom environments. Similarly, Gump (157) presents a 
model for naturalistic observation and recording of the booming, buzzing con- 
fusion of a 3rd-grade class, thus providing a frame for studying relations be- 
tween events and subsequent behaviors. Susskind (343), having chosen school 
children’s curiosity behavior as his criterion “weapon,” reports a fascinating 
study in system analysis and modification. People connected with education 
place great (abstract) value on young children’s curiosity development. The 
questions children ask in class are evidence of curiosity behavior. Susskind ob- 
served a number of 3rd to 6th grade, non-inner city classes, and recorded for 30- 
minute units the number of questions asked by children and teachers. Given the 
lip-service faithfully paid to curiosity, his findings are shocking! Whereas 
teachers averaged about 50 questions in these 30-minute units (the “record” was 
200!), children collectively averaged less than 2, Indeed total child utterances, 
questions or otherwise, averaged only 7+ per 30-minute unit. Clearly what is 
said about curiosity as an abstract ideal and what actually happens are worlds 
apart. Further analysis of the content of teachers’ questions indicated that they 
were predominantly “fact” rather than “thought” oriented. This prompted 
Susskind to “train” a small group of teachers in how to frame questions and 
how to lead discussions to promote student involvement. As teachers shifted 
from “fact” to “thought” questions, children showed greater curiosity behavior. 
Susskind’s work exemplifies the analysis of a salient system dimension and its 
potential for constructive system change. 

Ecological studies of schools as social systems, though not frequent, are im- 
portant. Barker & Gump (21) have looked at the effects of school size, and Gilde- 
well (135) has addressed the important questions of system linkages in the schools 
and their relation to distress. Kelly et al (cf above) have been active, both con- 
ceptually and empirically, in ecological studies of the high-school environment. 
Rate of exchange, operationally defined by annual student turnover, is the key 
independent variable in this longitudinal work, and students’ exploratory be- 
haviors are the critical criterion measures. Kelly’s view, which now has empirical 
support, is that exploratory behavior is more adaptive in fluid, as compared to 
stable, environments. More basically, the approach seeks to optimize man- 
environment couplings, a valid objective with significant practical as well as 
theoretical implications. Awareness of the importance of system-individual 
matches upgrades the value of system analysis and systems-engineering roles, as 
opposed to the restorative ones, for school MH professionals. 

The present limited focus on families and schools is not to ignore the sig- 
nificance of other social systems (e.g. legal, welfare, religious, etc). Rather it 
reflects the prime importance of the two selected in shaping development. To 
prevent psychological dysfunction the influence of these key systems must be 
understood better and used to optimize growth. 

A critical limitation of a systems orientation is that the MH professional’s 
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background and training do not equip him well to deal with such problems (24, 
76, 136, 193, 213, 365). Indeed, they sometimes inhibit him from even perceiving 
them. There are also other deterrents. Systems analysis and modification are 
broad-gauge, abstract, and futuristic, making it hard for the professional to see 
and have the gratification of direct relations between his inputs and observable 
positive outcomes. Since most things done to improve man’s general lot are also 
likely to improve his psychological well-being, the fate of system modification is 
complexly linked with a broad wave of social (e.g. medical, technological, hous- 
ing, job opportunity) reform. Too, such work may require social and political 
actions (54, 292-294, 298) for which the MH person lacks the requisite training, 
know-how, or “stomach.” 

While MH professionals do not yet have these skills, they do have a significant 
stake in framing issues and participating with qualified others in a communal 
search for answers. Again this says that MH training be modified to enable its 
products to engage ancient questions in fresh, promising ways, and that classic, 
prior professional alignments be reshaped so that political scientists, economists, 
urban planners, architects, and educators are more often future bedfellows. 


Person-oriented approaches —Assuming finite resources, greater investment in 
a systems approach would reduce, and probably change the nature of, interven- 
tions with people but not eliminate them. Mostly it would force more hard-boiled 
judgments about the probable impact (i.e. reach and social utility) of a multitude 
of prospective person-centered activities. Using the yardstick of potential impact, 
it can be argued that person-oriented interventions with the young (early child- 
hood focus), those that occur at temporally influential moments (crisis interven- 
tion), and those that increase reach geometrically (consultation) are especially 
promising. Also, person-directed MH activities can be significantly increased 
through new manpower uses (e.g. nonprofessionals). Each of these developments 
is considered briefly in the sections to follow. 


Early childhood focus.—Based on assumptions about the flexibility and 
plasticity of youth (190) which imply more favorable investment/payoff rates in 
work with the young, many believe that children should be prime targets of 
person-centered helping resources (198, 333, 365). One recent policy document 
(271) advances 116 general and specific recommendations in areas including pre- 
vention, advocacy, services, training, and research, all designed to promote child 
MH. Several comprehensive surveys (6, 137, 198) provide detailed information 
about maladaptation in children. Glidewell & Swallow (137), based on a review 
of 27 studies, indicate that about 30% of all elementary age children experience 
school adjustment problems, and that 10% have sufficiently grave problems to 
require immediate professional help. Kellam & Schiff (206) report that in some 
sections of the urban ghetto, school maladjustment rates approach 70%. 

An important practical question is whether early difficulties are largely stable 
or transitory. If stable and ultimately damaging, help should be provided as 
soon as possible; if transitory, time may be as good an ally as any. In fact, data 
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on this question are not entirely consistent. Some studies (e.g. 278) indicate that 
school maladaptation is largely unstable. Clarizio(67) reviews a series of investiga- 
tions showing only moderate relations between child and adult disturbance. He 
concludes that child-adult continuity of maladaptation is well documented only 
for extreme early deviance and for early aggressive, antisocial behaviors. 

Other studies, however, some retrospective and others longitudinal, yield 
different findings, attesting to the complexity of the issue. One such series 
(276, 277, 306), a model for dedication and perseverance, covers more than three 
decades. In this work, more than 500 adults—about 90% of a sample seen as 
children for clinical evaluation in the 1920s—were located up to 30 years later 
and reassessed. The combined incidence of alcoholism, psychopathy, and psycho- 
sis was about 60% in the clinic (E) follow-up group; significantly greater, by a 
factor of 3 to 1, than in a C group. Similar results were found for other disorders. 
Robins’ book (306) zeroed in on adult sociopathy. Using varied criteria including 
antisocial behaviors, arrests, job achievement, specific symptoms, alienation, use 
of welfare services, and divorce rates, disruption was about four times greater 
for Es than Cs. The more severe the earlier difficulties, the more serious were 
the adult problems. Robins’ findings generally support the view that early dys- 
function predisposes to later more serious pathology. Several other retrospective 
reports yield similar data. Thus Bower et al (40) found, retrospectively, that 
adult schizophrenics had significantly poorer high school records than nonschizo- 
phrenic Cs, and Westman et al (358) found a high correlation between the use of 
MH services and facilities by young adults and nursery school maladjustment 
ratings for these same subjects 18 years earlier. 

This issue has also been approached longitudinally by several investigators. 
Stennett (339) found that 4th-6th graders identified as having moderate to 
severe emotional handicaps got worse rather than better if left untreated over a 
period of several years. Feldhusen et al (117, 118) report that children identified 
by teachers as being aggressive and disruptive in the classroom at 6th-9th grades 
were achieving significantly less well than nonidentified peers 5 years later. 
Another series of studies (90, 364) using a screening amalgam consisting of social 
work interviews with parents, group testing, teacher report, and classroom ob- 
servation, identified 1st-grade children evidencing early signs of school mal, 
adaptation. Follow-up of these youngsters at 7th grade (367) showed that their 
later educational and personal development were significantly poorer than non- 
identified peers. Brownbridge & Van Vleet (48) used teacher ratings to identify 
maladapting young school children (kindergarten-4th grade), and found, over 
a 3-year period, that about one-third of the group improved spontaneously. 

While these research findings do not readily summate, their sense is that un- 
attended early dysfunction does not dissipate spontaneously. Though it is un- 
likely that all types of early difficulties have common destinies (acting-out, for 
example, seems to be more stable than undersocialization and shyness), the dura- 
bility of serious early dysfunction justifies an emphasis on early detection and 
intervention. Such work may be facilitated by a recent burgeoning of relatively 
brief, inexpensive, easy-to-use mass-screening devices for early dysfunction 
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(e.g. 38, 48, 84, 99, 256, 257, 286, 311, 312, 326). Although Caplan (54) warns 
that even the best early detection techniques are constrained by limits in provid- 
ing help, in this case expanded, more efficient, screening technology is accom- 
panied by parallel processes of redefining and amplifying helping resources (cf 
below) in ways that allow for more effective follow-through. Thus, investments in 
children merit high priority in distributing person-resources. 


Crisis intervention —Beyond an emphasis on children, several other person- 
resource allocations meet the criterion of high potential impact. One such, 
crisis intervention, rests on the view that, with important needs at stake, critical 
events result in multiplicative rather than simple incremental enhancement or 
damage to well-being (54, 93). If effective services are available during such 
periods, relatively small time investments may have high payoff, defined either 
negatively (i.e. averting disastrous consequences) or positively (i.e. building new 
strengths and adaptive resources). Caplan (54) observes that crisis, by definition, 
is so central and intense that significant change must result from it. The sense 
of the crisis intervention is to increase the likelihood that the change will be 
positive (34). 

Crises, as classically defined (54), are brief, concentrated periods of dis- 
turbance, often characterized by intense upset, preoccupation, emotional churn- 
ing, a sense of inadequacy, and openness to the input of other people. Several of 
these attributes, particularly the last two, suggest that people in crisis may profit 
from constructive intervention. Early formulations about crisis theory and in- 
tervention came from Lindemann’s (235) work with victims of the disastrous 
Coconut Grove fire in Boston. Lindemann found that appropriate intervention 
during the critical crisis period could forestall later grave consequences. Cum- 
ming & Cumming (93) suggest that the elements which heighten crisis reactions 
are: suddenness, arbitrariness, and widespread disruption of the individual’s 
life functions, while Caplan (54) emphasizes loss, or threat of loss, of essential 
psychological supplies as critical factors in amplifying the reaction. Death of a 
loved one, serious accident or trauma, and major change in heretofore stable 
life circumstances (e.g. loss of job, retirement, military induction or initial combat 
exposure) are all crisis-potentiating events. Specific techniques for intervening in 
crisis situations have been proposed (16, 54, 202, 235, 281). 

An important practical distinction has been made between unanticipated 
crises, as the above, and normal, predictable ones (34, 93). The latter term refers 
to relatively common life events (e.g., birth of a new sibling, elective surgery, 
starting school, marriage), with high base-rate probabilities for eliciting crisis- 
reactions. McGee (249) argues cogently that intervention would be clarified and 
facilitated if we thought of crises as falling on a continuum of anticipability, 
rather than as absolutes. Certainly one can plan more effectively and be surer 
that adequate coping resources are available for predictable in contrast to sudden 
crises. 

Erikson (108) offers a fruitful extension of the crisis concept in his view 
that personality development consists of a series of differentiated stages, each 
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separated from the next by a transitional, crisis-prone period. Resultant epigenetic 
growth crises are relatively predictable and gradual. Effective handling of the 
transition-crisis strengthens resources and coping skills, sharpens one’s sense of 
discrimination and control of the environment, and expands self-knowledge and 
knowledge of the outside world. 

Extending the conceptualization of crisis to include both the anticipable and 
developmental varieties opens intriguing opportunities for actively entering the 
crisis arena with interventions designed to forestall pathology and build health 
(37). Cumming & Cumming (93), for example, propose a type of emotional 
innoculation in which individuals are given a graded series of crisis situations to 
work through under relatively protected conditions favoring positive resolutions. 
Their aim is to build specific crisis-coping skills, and with them build immunity 
to the potential toll of unanticipated crisis. Similarly, Caplan (54) proposes the 
use of “‘anticipatory guidance” to train people in crisis coping. This method, 
targeted to specific anticipable stresses (e.g. starting school), is built on the 
deliberate arousal of vivid anticipation of the experience and its surrounding 
negative affect. Opportunities to cathart and to express distortive fantasy are 
encouraged. As this happens, support and guidance are offered, alternatives are 
anticipated, and rehearsal of potentially adaptive roles and specific behaviors are 
encouraged. 

If crisis periods indeed have significant adaptive consequences, for better or 
for worse, if individuals in crisis are vacillative and open to influence, and if 
effective crisis resolution depends on one’s ability to perceive and choose among 
alternatives, then crisis intervention should have high priority among person- 
centered approaches in an SC framework. 


Consultation.—Relative to the great amount written about it, there is far less 
hard research on consultation than any other emergent SC subarea. This not-so- 
curious fact bespeaks the diversity and impalpability of consultation activities. 
Entire volumes have recently been written about consultation—both general ones 
covering various aspects of theory and practice (55, 325) and scope-delimited 
ones dealing with such topics as the schools (115, 127, 268), community caregivers 
(328), or outreach to low population-density areas (151). The voluminous word 
output in this area has not escaped the attention of bibliographers, and there are 
at least a score of publications which are primarily reference listings in MH 
consultation, again either broadly (246) or for delimited topics such as consulta- 
tion programs for children or in educational settings (244, 248). Collectively these 
documents, while helpful, are exhausting! For example, the consultation ref- 
erence-guide by Mannino (246), limited to literature published between 1964- 
1968, includes more than 600 references classified by topics such as: fields of 
practice, forms of consultation, professional roles, process, and planning. 

Both because many of these sources themselves contain good reviews of the 
nature, purposes, scope, and forms of consultation, and because of the strikingly 
low research output of this field [one recent chronicler (266) asserts that there are 
no more than six bonafide consultation research studies] the lazy reviewer, such 
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as the present one, is tempted to throw up his hands in despair and say “Why 
bother?” Attractive as this alternative is, a minor remaining island of super-ego 
combined with an ill-formulated conceptual trace merge to keep him going. The 
paucity of research on consultation, though enormously disconcerting, is not 
disqualifying. If there is a place for this function in a grand SC conceptual 
scheme, then it should be considered here, even without a good research base, 

Several major consultation sources (e.g. 55, 248) offer definitions containing 
as essential elements a knowledgeable MH professional communicating his 
know-how and expertise to individuals or groups who, despite a relative lack of 
MH training, are called on to engage MH problems in discharging their appointed 
functions, 

To understand the place of consultation in the SC field, we must first recall the 
tremendous shortages in manpower and services, and must next examine how 
people deal with their personal problems. One of the reports of the original 
Joint Commission series (159) presents sobering data on this second matter. 
Roughly 25% of an interview sample admitted to having at some time had an 
emotional problem for which they needed help, and 15% had actually sought 
help. Among the help-seekers, however, less than 20% took their problems to 
MH professionals. The largest single subgroup (42%) went to clergymen, fol- 
lowed closely by family physicians (29%). Thus, even amongst those who ex- 
plicitly seek help for problems they define as psychological, only a small fraction 
go to society’s designated agents in this area. The messages coming from these 
data are that MH professionals are less the saviors of society than they consider 
themselves to be, and that by paying greater heed to reality rather than to how we 
think things should be, person-oriented deployments can be identified that vastly 
increase society’s potential for dealing effectively with human problems, 

As members of a communal society, most people have close contacts with 
friends, relatives, or co-workers, so that there are “outlets” for the minor 
difficulties that are a part of everyday living. More often than not these sources 
are effective (doubtless because they are part of a natural trust relation) and help 
to resolve problems before they root. Sometimes, however, the situation is more 
complex. Some people do not have parsimonious first-line help sources available 
to them. In other cases, problems are too difficult for the would-be helper to 
handle. Even then the person who needs help is less likely to turn to the MH 
professional than to any of a group of non MH specialists, such as clergymen, 
physicians, attorneys, and educators, whose societally designated functions put 
them into close, trusting relations with others. Such individuals have been called 
“caregivers” (54) because their ascribed social roles heavily touch people and the 
promotion of their well-being. In some communities without MH professionals, 
caregivers may be the only ones who can be called on for help. 

Another group, including enforcement, legal, and welfare personnel, some- 
times called urban agents (208), also become involved, often unpredictably or 
unwillingly, in peoples’ psychological difficulties. Such individuals, who are even 
more removed from MH training and concepts than caregivers, have social 
roles that can at any moment bring them up against unfolding crisis or the raw 
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nerves of human distress. Among the most fascinating work, including evalua- 
tion, done in CMH consultation and training with caregivers is that of Bard et al 
(e.g. 13-15, 17, 18), who trained police officers for family crisis intervention in 
deprived ghetto areas of New York City. 

From the MH standpoint, the prime common attribute of caregivers and 
urban agents is that they are called on to help, or at least interact with, people in 
interpersonal distress. The circumstances under which this happens are varied. 
With caregivers the situation is often favorable in that problems come up rela- 
tively early in their development within a comfortable, established relationship, 
The urban agent usually lacks these advantages. He may not have a trust relation 
with the involved party at all; indeed his contact may be as a representative of an 
“alien” system (e.g. the police) and may occur during acute crisis rather than 
within the shelter of a long-term, close, personal relation. Whatever the cir- 
cumstances, how the situation is handled is complexly determined by variables 
such as the potential helper’s knowledge about and attitudes toward MH, role 
definition, background and experience, and personal style. Several of these fac- 
tors, especially the first two, can be constructively modified by consultative input. 

Not infrequently MH professionals have gotten a bit “uptight” about the 
likes of lawyers, clergymen, educators, and certainly police officers—people who 
have not gone through the professions’ standard rites de passage—messing 
around with something so delicate as the human psyche. We can ill afford such 
sanctimoniousness! Far more realistic, and probably healthier, is the stance 
implied in the oft-quoted wisdom: “That’s the way it is, man!” The MH profes- 
sions simply lack the resources, personnel, and perhaps “know-how” to deal with 
manifest problems or latent needs. Also, established flow-lines bring the lion’s 
share of such problems elsewhere. It is less productive to sit back and judge, in a 
vacuum, whether that which will not change is good or bad, and more sensible 
to develop ways to join reality—in this case to provide knowledge and support 
for, and to strengthen the hand of, those in society who regularly field human 
distress. This is a core aim of MH consultation. 

The initial definition of consultation provided was broad and generic. More 
specifically, consultation seeks to: enhance the consultee’s fund of information 
about MH facts and principles; increase his ability to perceive viable alternatives; 
broaden his awareness of potential psychological factors involved in many 
behaviors and situations; create a back-stop relation that allows the consultee 
to interact more freely and confidently with his “clients.” Even so, consultation 
is far from a homogeneous entity. But although writers (55, 248, 365) dissect it 
somewhat differently, several key structural or content dimensions crop up re- 
peatedly (e.g. individual vs group; client or case vs consultee vs agency-oriented; 
and clinically vs policy-planning oriented). 

Little would be accomplished by exhaustive documentation of the range of 
applications of MH consultation. It is not much of an exaggeration to say that 
this form of intervention has by now touched virtually all types of settings, 
agencies, and social groupings that can be identified in modern society. Browsing 
through Mannino’s (246) source bibliography, one quickly notes that consulta- 
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tion has not only reached face-valid, obvious groups such as teachers and other 
educators, physicians, pediatricians, clergymen, nurses, enforcement workers, 
welfare workers, correction officers, and the agencies they represent, as well as 
architects and urban planners, industry, the military, and local, state, and federal 
planning bodies (the writer apologizes to groups offended through inadvertent 
omission), but that it has also been trial-ballooned in less usual ways with 
judges, militant organizations, unwed mothers, and even in summer camps. 
Once having hit on the method, we have not been unimaginative in identifying 
applications. 

Consultation’s appeal rests on its enormous potential for addressing many 
serious MH problems, the most obvious of which is a sorely needed extension of 
reach, This can happen in many ways. A consultant by spending several hours 
per month with 10-12 clergymen or physicians, upgrading their skills, broadening 
their knowledge, and making them more effective interveners in human distress, 
can contribute to the well-being of many hundreds who regularly seek help 
from these caregivers for largely psychological problems. Consultation also ex- 
pands reach by upgrading knowledge and skills of those working with groups 
(e.g. the inner-city disadvantaged) with which professionals can’t even gain 
entrée. Also, consultation is a prospectively powerful tool for extending MH 
principles and services to isolated rural areas lacking MH resources. Such pro- 
grams have been described (151, 188, 215, 336) and are becoming more frequent. 

In addition to extending reach, consultation respects reality. Psychological 
problems are not foreordained to come to MH professionals. A given individual’s 
problems end up where, and with whom, they must. In some settings problems 
are not even defined as psychological; instead, they are expressed as (and in fact 
often are) part of other complex problems of living. Consultation taking as 
givens, the loci and forms in which problems occur can embrace far more, and 
far more realistically, than what has ever been accommodated within MH’s 
historically passive-receptive (i.e. “let them come to us”) stance. It can thus be 
more socially aggressive—i.e. “relevant,” in the cliché of the times. And however 
indirect, consultation is reality based in that there are many circumstances in 
which it is the only available approach. 

For teachers, pediatricians, or others who have basic, regularized contacts 
with children during their formative periods, consultation’s potential for building 
health rather than fighting pathology is distinctly visible. This may be its most 
important, if least explored, potential. As several writers have already noted, the 
prospect of applying behavior science knowledge and principles to engineering 
environments and social systems that optimize adaptation is an exciting one 
(212, 225, 273, 319, 348, 365). In principle then, consultation’s advantages are 
enormous. The key unknown at this time is what they will be in practice when the 
data are in hand. 


Nonprofessionals in mental health—‘Nonprofessional revolution” (334) is a 
term well coined—one that accurately describes a growing, highly influential 
development of the last decade. One measure of its scope is found in the sheer 
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number of recent volumes about nonprofessionals cited earlier. This striking 
growth doubtless reflects society’s urgently felt need to expand helping services 
and consequent willingness to explore new ways of intervening. Thus, the great 
strength of the movement lies in the new roles and expanding horizons that it 
opens for helping services; its gravest weakness is that it has grown more through 
evangelistic fervor than through critical research scrutiny. 

The nonprofessional development has also been quite diverse in terms of fac- 
tors such as helper groups, target groups, settings, roles, and functions. Once 
unleashed it has thus behaved much as the fabled adolescent maiden upon leav- 
ing a restrictive boarding school. Nonprofessional groups that have thus far 
served as help-agents differ markedly on many variables including age, socio- 
economic status, education and training, prior life experiences, and position in 
the soical status hierarchy. The age continuum stretches at least from 6-85. 
Helpers have included the rich and the poor, those with little education and 
virtually no formal training, and those with considerable advanced specialty 
training, the ghetto-reared and those reared in posh suburbs, those whose roots 
and upbringing rest on society’s basic pillars and those who have come the way 
of prisons, reformatories, detention homes, or institutions. 

While early “high-impact” programs that opened the nonprofessional flood- 
gates can be readily identified in retrospect, the development has probably been 
nourished more by a social readiness than by single influential programs. College 
students have been in the vanguard of the nonprofessional movement. From 
modest beginnings more than a decade ago through programs at Harvard (200, 
352) and the Connecticut Valley State Hospital (184, 185, 323), in which students 
served as companions to chronic mental patients or lived with them in residential 
half-way houses, there are now more than 500 such programs (365). One par- 
ticularly influential study en route (287) found not only that college students 
helped chronic patients significantly, but that they were more effective than 
trained, experienced MH professionals engaged in similar activities. While 
Poser’s study has limitations (76, 309, 365), it nonetheless forces serious re- 
examination of perennial assumptions about whois qualified towork with and who 
can help chronic mental patients. 

Continuing interest in college students as help-agents is reflected in the appear- 
ance this year of two research volumes (145, 290) and a comprehensive review of 
the literature (154) on this topic. There has been much “fanning out” in the use of 
college students from an original, relatively narrow base of work with adult 
chronic patients. Examples of this growth include programs for: hospitalized 
children (220, 295); children in out-patient and clinic settings (44, 95); using 
students as play therapists (236, 340); institutionalized delinquents (147, 316); 
children experiencing adaptive problems in the schools (77, 81, 91); and counsel- 
ing other college students (371). Hunt (189) describes a flexible program using 
college students as companion-counselors for a variety of target groups expe- 
riencing adaptive problems: young children, adolescents, delinquents, dropouts. 
Cowen et al (82) have developed a human-services practicum in which under- 
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graduates become involved in a broad range of community-based, helping ac- 
tivities with many different target groups. Mitchell (260, 261) has used college 
students in rural Vermont as traveling “outreach” companions (“amicatherapy”) 
to children experiencing adaptive problems, in geographic areas where help is 
unavailable. In an ambitious, long-term program, Goodman (143-145) used 
college students as companion-therapists with emotionally disturbed 5th and 
6th graders. Goodman pioneered the development of methods to identify more 
effective nonprofessional help-agents, work which has been continued and ex- 
tended by others (65) and has explored optimal pairings of helpers and target- 
persons. 

Gruver (154) notes the distinct lack of evaluation in this area and observes 
that the few studies that have been done are plagued by methodological failings. 
Based on limited data available, however, he concludes both that students are 
effective in helping roles and that they profit personally and by formulating career 
goals through serving as help-agents with distressed others. 

Undergraduates are not the only student group to have been “impressed” 
into human service. For example, high school students have been used by 
Fellows, Walker et al (120, 355) as help-agents with preadolescent hospitalized 
youngsters, and by Perlmutter & Durham (284) as recreational aides with mildly 
disturbed children identified by social work agencies. McWilliams & Finkel 
(250) used “tuned-out” high school students as helpers with primary graders 
experiencing school adaptive problems. Neale & Mussell (265) report that more 
than 600 programs have been identified using college or high school students as 
tutors with the culturally disadvantaged, observing that such programs often 
have relational as well as academic components. A further, intriguing extension 
of the student development, comprehensively reviewed in a recent volume by 
Gartner et al (131), is the use of children, often very young, as help-agents 
(mostly tutors) with other children. Assumptions underlying this approach are 
that children learn best themselves when cast in the role of teacher, and the 
process of helping others in need is often a gratifying, growth-producing ex- 
perience for the helper. There are now several schools in this country which re- 
quire that children serve as teachers before they can graduate. 

Students, however, do not have a monopoly on nonprofessional human- 
service activities. Another influential development uses housewives in a multi- 
tude of helping roles. Much of this work was stimulated by the pioneering effort 
of Rioch et al (301~303), who trained housewives to function as psychotherapists 
in school, hospital, and out-patient settings. Outside appraisal of the academic 
mastery of these women and assessment of their clinical effectiveness indicated 
that they were highly competent. Follow-up evaluation of their work 3 years later 
(245), reflecting employer, supervisor, co-worker, and self-data, supported the 
earlier competence judgment. Rioch’s initial demonstration group was “special” 
in several ways. First, the women were bright, highly educated, and came from 
upper-middle class backgrounds. Second they received 2 years of intensive train- 
ing from leading MH professionals. Later attempts to extend the generality of 
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Rioch’s findings have been based on less well-educated housewives, on sharply 
reduced training, and have prepared the women for a broad range of helping 
roles. Thus, housewives have served as help-agents with chronic hospitalized 
mental patients in companion, therapeutic, and ombudsman roles (49, 62, 204); 
as workers in crisis telephone and suicide prevention centers (168, 179); as 
counselors on problems of youth (74, 75); as counselors in pregnancy and well- 
baby clinics (301); and as child-aides or help-agents in the schools both with 
children experiencing moderate (77, 78, 289, 331, 363, 366) and severe (101, 102, 
270) problems. One report (88), carrying this approach a step further, describes 
consultative-supervisory roles that have been effectively carried out by expe- 
rienced nonprofessionals in school MH programs staffed by housewite-aides. 
Hartog (165) reports a similar MH consultative role for nonprofessionals in a 
military setting. 

A series of reports (7, 121, 156, 341} has been presented on “‘filial” therapy, in 
which parents are trained to work as therapists with their own children, first by 
watching actual therapists in action and later through being observed and dis- 
cussed by parent-peers and trained clinicians. Related programs train parents 
for behavior modification work with their own children (167, 327, 354). Though a 
bit afield from the housewife-parent orbit, Carkhuff and Truax have reported 
extensive work in training for and evaluation of “lay counseling” (57-61, 350), 
including attempts to develop techniques for identifying the attributes of effective 
helping persons. 

Several recent reports describe the use of retired persons as help-agents. 
Cowen et al (87) used such individuals as child-aides for maladapting school 
children. Such utilization has potential value both to helper and helpee and is 
one of the few avenues by which male identification models can be systematically 
introduced into the overwhelmingly female world of the primary grades. John- 
ston (196) reports another novel use of retired persons as foster grandparents to 
homeless children. 

Omitted from this review, though also part of the broad nonprofessional 
helping thrust, is the massive “ex”-movement—i.e. using ex-patients, ex- 
offenders, ex-addicts, ex-delinquents, ex-alcoholics etc as help-agents for their 
fellows. 

Apart from student and housewife-citizen programs, Arnhoff et al (9) speak of 
another nonprofessional development as the most important innovation, both in 
number and type, in MH services for the noninstitutionalized: the so-called 
indigenous nonprofessional, drawn from inner-city backgrounds and settings, 
for a variety of human service activities with the poor (e.g. 123, 124, 282, 294, 
298, 299, 365). Complex and deep social roots contribute to the evolution and 
growth of the indigenous nonprofessional movement. One such is society’s ever- 
growing awareness—fanned by dramatic instances of violence, protest, and 
militance around social problems—of painful couplings between adverse living 
conditions and unfortunate human outcomes among the disadvantaged. A second 
is the now well-recognized fact that standard MH services have largely failed 
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even to engage the poor (180, 240, 315, 337). The few that do tend to be ineffective 
because they are seen as alien (43, 292). Thus there has been a bad match between 
the preferred individual-oriented, psychodynamic views of pathology of the 
middle-class MH establishment and the environmentally related, immediate, 
concretistic view of life’s problems among the poor. Unemployment or the non- 
availability of engaging, attractive job possibilities is one such critical problem. 
The indigenous nonprofessional development thus has two core, mutually sup- 
portive aims: (a) to bring sorely needed human services to the poor in meaningful, 
useable forms, and (b) to increase bonafide employment opportunities for the 
poor. This second goal is spotlighted by the influential New Careers movement 
(282, 299) which stresses permanence of jobs, even for the unskilled, and attrac- 
tive career ladders to enable the talented to advance their personal and educa- 
tional development, increase income, and improve life status. 

Much has been written about why the indigenous nonprofessional opens 
genuine alternatives in inner-city health care and why he is, or should be, effective 
(130, 294, 299). Many potential advantages stem from the fact that he is an inner- 
city person. Having “been there,” he understands and can deal with problems of 
his constituents in the forms in which they are expressed. He is likely himself to 
have experienced directly the high-frequency problems of the area, and knowledge 
of the realities of the local scene helps him to distinguish promising from illusory 
solutions. Because he is part of the group being served, his life style, modes of 
communication and interaction with his fellows, and “know-how” help him to 
gain entrée and win the confidence of his constituents—two significant barriers 
in the past to effective services for the poor. While the indigenous nonprofes- 
sional can be viewed as an effective bridge-person to professionals and as some- 
one who can free-up professionals to undertake important new activities, the 
real potential of this new role comes from several other sources: promoting 
innovative, preventively oriented MH-related functions which the professional, 
for many reasons, cannot bring off, and changing realistically the nature of 
services to expand their reach significantly just where expansion is most needed. 

We have lacked neither for willingness or imaginativeness in exploring new 
roles for indigenous nonprofessionals. Two heavy-impact, long-term projects, 
those of the Lincoln Hospital in New York and the Howard University Youth 
Studies Program (123, 124, 161, 218, 242, 243, 283, 297), describe aide-training 
for a variety of functional human-service roles in areas such as child care, 
housing, recreation, welfare, education, homemaking, and community action. 
In a recent comprehensive overview of this development, Gartner (130) reports 
an enormous range of activities by indigenous nonprofessionals in education, 
mental health, social work, health care, and corrections and enforcement. The 
role diversity of this group is made clear in a number of other reports (e.g. 66, 
128, 162, 241). 

Analysis of the functions performed by nonprofessionals in 185 programs 
surveyed (334) identified three major functions: therapeutic, special skill training, 
and community adjustment; and five lesser ones: case finding, orientation to 
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services, screening, caretaking, and community improvement. Magoon et al’s 
(245) review of the activities of a homogeneous group of eight housewife trainees 
turned up diagnostic, screening, therapeutic, research, and administrative roles. 
Merely on the basis of these two surveys, the great diversity of nonprofessional 
functions is apparent. Collectively nonprofessionals are doing virtually every- 
thing that professionals do; they are also involved in new activities not heretofore 
considered part of MH services. 

Many authors who have written about nonprofessional programs (e.g. 8, 139, 
152, 154, 155, 296, 300, 334, 365) have expressed views about why such programs 
“work” or have commented on their potentials and limitations. There are a 
number of expressed concerns, perhaps the most serious of which is Arnhoff’s 
warning (8, 9) that mere proliferation of new MH manpower without seriously 
considering underlying conceptual-ideological issues or optimal patterns of use 
is not by itself a prospective solution for major current-day MH problems. 
Reservations have also been expressed that nonprofessionals are prone to such in- 
effectivenesses as excessive dependency, panicking, projecting one’s problems 
onto others, lack of sophistication, etc. Such difficulties have surely occurred 
and will continue to occur. The individual or social dangers of these sins, how- 
ever, seem far less grave than those resulting from mental health’s chronic sins 
of omission (365). This development is also threatened by problems of limited 
job opportunities, shaky fiscal underpinnings of new programs, absence of well- 
defined advancement opportunities or career ladders, and loss of interest by 
host agencies in using nonprofessionals when cash layout is required. Further- 
more, nonprofessionals sometimes suffer from lack of perceived status or credi- 
bility and may thus find their roles ambiguous. Finally, the movement runs 
the risk of encroaching on professional turf, with nonprofessionals being seen as 
low-cost replacements or “scabs”—a potential source of strong professional 
resistance. 

The obvious appeal of the development comes from its twin potentials for 
vastly extending helping services and bringing genuine assistance to the many in 
society who have found prior packagings of MH goods unattractive. Among 
factors widely cited as important to the success of nonprofessional programs are 
the enthusiasm, vibrancy, and dedication of workers in what for them are excit- 
ing, new, real challenges; the naively positive expectancies they bring to situa- 
tions previously viewed with pessimism and foreboding doom; the fact that in 
many situations they are better able to gain entrée and establish rapport because 
there is less social distance between helper and helpee; they are less encumbered 
by fixed but sometimes spurious rules and absolute “knowledge,” permitting 
freer, unfettered exploration of diverse approaches; and they are less jargonesque 
and can thus interact more naturally with clients. And as a potential fringe 
benefit, many nonprofessional programs are found also to bring help to the 
helper, thus exemplifying convergent, mutually supportive resolutions of complex 
social problems. 

A succinct, unequivocating, yet defensible summary for an area as complex 
and rapidly unfolding as this one is a sheer “pipe dream.” It is not that such 
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summaries haven’t been ventured (e.g. 130, 334); rather they weigh much too 
heavily on soft data and glowing impressions from those who are actively caught 
up in the swirl of events. As such, the reports resemble the tidal wave of en- 
thusiastic case testimonials in the early, golden days of psychotherapy. The fact 
of the matter, however, is that we are, as Sobey put it, in the middle of an non- 
professional “revolution.” Events are moving with great speed, and for the 
moment our chips are placed on exploring an exciting, challenging, new world of 
usages rather than on hard-nosed evaluation. This balance will have to change 
before a trustworthy reckoning can be reached. 


APPLICATIONS TO SETTINGS 


Past approaches to disordered behavior have, as noted, characteristically 
been organized around certain entities of dysfunction, which have been taken as 
“givens.” The list of admissible entities has changed, mostly broadened, over 
time (365), but whatever its nature, the prime job of the MH professions has been 
to classify people according to some prevailing entity system and to do what 
could be done to help with the best available tools of the time. The insufficiency 
of this approach is well captured by Winston Churchill’s most famous quote 
from another time and context: “Too little and too late!” Its persistence and 
ascendancy for so long in man’s history is due largely to the absence of genuine 
alternatives. 

However much the SC framework lacks clear articulation and empirical 
footing, it is at least a viable conceptual alternative to past dominant approaches. 
Its core aim is to cut down the flow of disorder—to prevent. As such, it necessarily 
turns attention away from fixed entities or “end-states” toward the primary 
institutions and social settings that shape development. A key objective is to 
engineer environments and to create programs that hold promise of promoting 
the well-being of the many. This view implies that varied adverse “end-states” 
(e.g. neuroses, psychoses, alcoholism, addiction) have common, or at least over- 
lapping, roots and that effective SC implementations could simultaneously reduce 
the flow of many conditions currently considered to make up the core of dis- 
ordered behavior. 

This type of value judgment forces one to readjust his spectacles. It suggests 
that it is every bit as promising, even for those with ultimate concerns about dis- 
ordered behavior, to think in frames such as: “family organization and inter- 
action,” or “school environment,” as the more rutted ones of psychopathology, 
psychodiagnosis, and psychotherapy. In the section to follow, such an approach 
will be “modeled” by considering paradigmatic, evolving programs in two critical 
settings-areas: the schools and the inner-city. These may be especially good ex- 
amples because both touch many people, mirror pressing current social problems, 
and have attracted widespread recent interest. 

An ancient European wisdom, roughly translated, says that: “When the 
emperor has to ‘go,’ he too must get there by foot.” Similarly, real-life SC pro- 
grams are considerably less noble and lofty than what may be implied by prior 
pie-in-the-sky theorizing. Effective conceptualizing can proceed in the smallest 
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room in one’s house! By contrast, programs are set in harsh, cruel, reality- 
constrained worlds; they must meet and negotiate the trials-by-fire of budget, 
politics, vested interest, and providing effective services to meet real needs. 
These are no mean hurdles! Thus, even the most brilliantly conceived and ex- 
ecuted SC program is likely to be more restricted in scope, more targeted to the 
vulnerable, less systems-oriented, and less removed from a classically defined 
medical model than a theoretical ideal. 


ScHooLs 


In our society adaptation to school is a critical stepping-stone to many im- 
portant later life adaptations. Failure to adapt is frequent, as we know (137); it 
comes in all sizes, shapes, and intensities. The variety of sanctions and correc- 
tives attempted in the face of maladaptation is legion; yet we know relatively 
little about their effects. One recent essay (227), for example, suggests that the 
single most widely used educational corrective, nonpromotion, is completely 
ineffective. 

Though teachers and other school personnel remain individuals in how they 
perceive and deal with school adjustment problems, one can nevertheless identify 
a step-stage progression of approaches spanning a hypothetical parsimony con- 
tinuum (79). It is most parsimonious to engineer settings that optimize adapta- 
tion in the first place. Next, approaches that enable teachers to deal effectively 
with problems in the classroom are preferable. Considerably less parsimonious 
are appeals for assistance from some higher power (within or outside the school, 
as resources dictate) and environmental manipulations (i.e. changing the child’s 
classroom or school) designed to “manage” him better. Least parsimonious of 
all are shifts which essentially give up on the child by turning over bis education 
or management to an outside agency. Such steps not only rupture the child’s 
contact with his natural environment, but may also label him irretrievably as a 
misfit. The programs cited below begin at various points in a school maladapta- 
tion process, each starting with its own set of “realities.” At one extreme, the 
given is the child who is so disturbed that he has been excluded from school; 
the other is represented by far more “preventive” efforts for children who are 
not “at risk.” 

Hobbs et al (176-178, 234, 357) have pioneered the development of Project 
Re-Ed for seriously disturbed, excluded children ages 6-12. Re-Ed is a short- 
term, residential program built on the assumption that good education is the 
best form of therapy. Its motor force is a new breed of help-agent called the 
teacher-counselor who lives with the children around the clock and is responsible 
for their educational and personal development. The program (176) pivots 
around effective use of the full day to promote learning and adaptive skills, 
develop trust relationships, train for impulse management and competence, 
control symptoms and negative behaviors, promote group participation, and 
enable children to experience some measure of gratification in life. The average 
length of stay in the program is less than 6 months. Care is taken both to mini- 
mize disruption of the child’s ties to his home environment and to plan for his 
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earliest return under effective functioning conditions. One of Re-Ed’s prime 
strengths is its carefully planned and executed research program (357). Parent 
and teacher evaluations, as well as school performance data, have shown sig- 
nificant improvements in Re-Ed children. 

The Elmont project (101, 102, 270), like Re-Ed, is targeted to profoundly 
disturbed, e.g. schizophrenic and brain-injured, children 6-8 years old who are 
normally excluded from schools. In this case, program facilities, resources, and 
personnel came entirely from an intense mobilization of community effort. The 
principal help-agent in the Elmont program is the “teacher-mom,” a volunteer 
nonprofessional who works with the child in an out-of-school, community- 
setting while he continues to live at home; As with Re-Ed, the program is built 
around the premise that good education is good therapy; accordingly its back- 
bone is an entirely individualized relation between the teacher-mom and the 
child. The program uses bridge-people to maintain close contact with home and 
school and to prepare for the child’s early, effective restoration to normal class- 
room functioning. Because of the seriousness of the problems handled, the 
average stay in the program is about 2 years. The Elmont program is both less 
fully and less carefully researched than Re-Ed. However, 11 of its first 21 children 
returned successfully to their regular class and continued to make normal progress 
in follow-up. 

The Lafayette-Wyandotte project (312) is for children experiencing less seri- 
ous emotional handicaps or school adaptation problems than Re-Ed or Elmont 
youngsters, though it shares philosophical assumptions (e.g. education as 
therapy) with those programs. Children seen in this program, in small groups of 
from 5-10, include the anxious, the immature, the withdrawn, and some with 
minimal brain injury. The teachers who staff the program first receive intensive, 
specialized clinical training. As part of the program they seek to tailor the teach- 
ing environment flexibly to meet individual needs in ways that respect the child’s 
reality, reduce stress, help children to acquire social skills, foster effective peer 
contacts and a sense of group belongingness, and promote success experiences. 
An important research finding, based on factor analysis of a comprehensive pre- 
program test battery, is that not all children profited equally from the experience. 
The ones who did best were the initially “maladapted” (i.e. spatial disorientation, 
poor coordination) and unassertive types. This research suggests that it is an 
oversimplification to think of a single “Dr. Ehrlich’s magic bullet” for all prob- 
lems of school maladjustment. Instead the need is to identify and match tax- 
onomies of dysfunction and intervention. 

Other innovations in school MH are less oriented to the extreme casualty 
and are more concerned with lower risk groups or populations at large. Indeed 
several such preventively oriented programs (133, 172, 289, 330) by-pass direct 
contact with children in favor of parent discussion-counseling groups, sometimes 
led by trained lay leaders. Data have been presented (133, 172) indicating that 
such indirect intervention can produce positive change in the child’s school 
adaptation or performance. 

Based on mass-screening procedures, the Pace I.D. group (48) identified a 
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large sample of primary graders (kindergarten-4th) evidencing serious school 
maladaptation. Social workers, assigned to work intensively with these children, 
observed them in school and met often with parents and teachers to further under- 
standing of the child’s difficulties and to develop effective helping procedures. 
Thus they coordinated planning for the children, served as a communication 
bridge, and expedited direct services where necessary. Program children were 
found to have improved significantly more than Cs. The Rochester Primary 
Mental Health Project (80, 83, 89, 90, 364) also focuses on early detection and 
intervention for school maladaptation. Mass screening, carried out primarily 
with first graders, uses a combination of social work interviews with mothers, 
group evaluations of intellectual and personality status, classroom observation, 
and teacher report. Housewives called child-aides are the prime help-agents, 
working individually and in small groups (80, 346) with children experiencing 
educational or behavioral (e.g. acting out, withdrawal) problems. This model 
permits geometric expansion of the helping arm (80). It has been shown that 
E-children in this program do better educationally and interpersonally than Cs 
(80, 90) and that these gains endure over time (85, 367). 

The Sumter Child Study project (269) for preschool children more closely 
approaches an ideal of prevention. Two sessions were conducted for the families 
of more than 500 children 6 months before first grade entry. In the first session 
a psychologist did structured observation and testing with the child, while a 
social worker interviewed the mother. In the second session impressions and 
formulations were shared with the mother and, where appropriate, interven- 
tions for identified problems were planned. These interventions included such 
things as academic readiness programs, speech correction, social skill training, 
and providing regular preschool experiences. Research showed that screening 
impressions had high prognostic validity and suggested that the interventions 
laid the groundwork for improved school adaptation. 

Programs cited in this section are far from homogeneous either in aim or 
method, Whereas some clearly retain the imprimateur of the medical model, 
others are more preventively oriented. This is understandable in that each starts 
with its own “given” and particular target situations. On the other hand, they 
share important common elements which can be explicitly noted. All deal with 
very young children and seek to identify and do something constructive about 
dysfunction as soon as possible. Notwithstanding real differences in the initial 
status of children seen through these programs, the values of solutions that 
minimize irreparable labeling and/or separation of the child from his natural 
environment are present. The programs share the conviction that the education 
process itself, rather than treatment, is an approach of choice in furthering in- 
tellectual and personal growth. Accordingly, educational function is a face-valid 
criterion of program effectiveness. The programs reflect awareness of the com- 
plex, transactional nature of the child’s world and the need for communication 
and coordinated planning among the many whoare charged with his well-being. 
Finally, at least several of them rest on intriguing, seemingly effective, new man- 
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power uses, both the novel use of nonprofessionals and the development of new, 
socially utilitarian professional roles. Together these programs offer a viable 
alternative to past-prevailing modes for dealing with school maladaptation. 


INNER City 


Few topics in any field, let alone psychology, have generated as much recent 
interest as the manifold problems and plight of the poor in America today. 
Earlier in this chapter, it was not difficult to tick off the titles of some 25 quite 
recent volumes with a prime focus on some facet of the even narrower topic of 
relations between poverty and MH. These volumes and their surrounding litera- 
ture contain the seeds for more than a few literature reviews (198). The reasons 
for opening Pandora’s box, however, are that problems of the poor so well ex- 
emplify the challenge to an SC framework, highlight differences between it and 
more classic intervention modes, and point, if only illustratively, to exciting, 
prospective program directions. If psychological knowledge is to be applied 
meaningfully to social problems, this is one area that must be central to the 
“action.” It would, however, be naive in the extreme to suppose that MH pro- 
fessionals stand alone as the “chosen” ones, or even as front-runners, in the 
quest for solutions to these complex, deeply rooted problems. Actions and inter- 
ventions designed to improve the lot of the poor must be built on an understand- 
ing of inner-city problems, how they are expressed, and their intricate network of 
determinants. Often, even in cases with clear psychological components, such 
problems are not perceived as psychological; if they are to be engaged at all, 
they must be engaged in their own terms. Surely this is not an area in which to 
exercise professional “‘preciousness” (318). Progress in overcoming the oppres- 
sions of poverty demands joining high level skills and knowledge from many 
disciplines and groups, plus a genuine social commitment, backed by necessary 
resources, to get the job done (198). 

Though the magic wand in this case does not belong to MH, conceivably 
some of their number, especially those who are able to orient themselves in this 
direction and rise to the challenge, can contribute to the long, difficult search for 
answers. There is reason to believe that this process is well under way. The sec- 
tion to follow describes, again only illustratively, some innovative recent steps 
taken by MH professionals, operating from an SC base, to do something about 
the thorny problems of the poor. As in the preceding section on schools, they 
span a continuum anchored at one extreme by out-and-out repair and at the 
other extreme by something approximating prevention. As an aid to exposition, 
these programs are grouped under the rubrics “developmentally oriented” and 
“inner-city action” programs. 


Developmentally oriented programs.—It has been documented many times, by 
individual study and compehensive review, that the children of poverty are at 
risk physically, nutritionally, educationally, and psychologically (31, 190, 198, 
365). Psychological risk is meant to cover not only the immediately obvious MH 
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area but also such things as perceptual, cognitive, language, and motivational 
development. The fact of certain performance differences between the disad- 
vantaged and nondisadvantaged in the latter areas has been less a matter of debate 
than the reasons for it. The monumental survey by Coleman (70), for example, 
established that 85% of black children in America score below whites on standard 
measures of educational achievement. But why? Is this due to adverse early 
environment, genetic differences as implied in Jensen’s (195) highly controversial 
paper, inferior education as connoted by Clark’s (68) notion of school “de- 
featism,” or invalid assessment criteria? 

The recent work by Baratz (12) and the penetrating analysis by Horowitz & 
Paden (187) bring another perspective to the issue. These investigators, without 
ignoring empirical fact, observe that findings can be prematurely construed to 
demonstrate “deficit,” especially if one unquestioningly uses immutable white 
middle-class standards as the evaluation metric; but the findings can also more 
realistically and heuristically be interpreted as “differences” when multiculture 
evaluative standards are applied to the groups in question. Hunt’s view (190), 
though it speaks to a somewhat different aspect of the problem, is unequivocal: 

. the new evidence no longer makes it sensible to consider the incompetence 
of the children of parents from a background of poverty, be they black or white, 
as an inevitable consequence of their biological constitution and inherited nature” 
(p. 189). 

The signs of less fortunate early psychological development in the dis- 
advantaged are not usually found by scanning referral lists in clinics or consulting 
rooms. These are more likely first to be noted when the child starts school, and 
they often become increasingly apparent over time in that setting. If, as most 
believe, “cutting it” in school is a necessary precondition to a broad range of 
critical later life adaptations, then it is important to create circumstances that 
facilitate this for all. For the disadvantaged, this points to the need for three 
complementary approaches: constructive engineering of environments—the task 
‘of primary prevention; adapting educational approaches to the realities of pre- 
entry experience; and very early identification and intervention designed to 
build adaptive skills. 

“Compensatory education” is a widely used generic term to describe a 
variety of preschool educational enrichment programs (171, 291, 359). Project 
Head-Start, about which much has been written (170, 171, 187, 190, 198, 291), 
is by far the most massive ofthese efforts. Head-Start’s mandate is to enhance the 
physical, educational, and psychological development of disadvantaged children. 
While as Hunt (190) says: “The goal is right; the direction is right” (p. 159), 
the basic mandate is so broad that the program has been more a hydra-headed 
monster than a reasonably unitary entity. Although there are, to be sure, many 
examples of specific Head-Start projects which have produced important gains 
in, for example, reading or language skills, the facts that the “program” was 

` set up for social action rather than research, and that its emphases are so diverse, 
have defied systematic evaluation. Indeed, some (190) have suggested that 
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Head-Start’s best outcomes have to do with medical care and social development 
rather than skill preparation or educational growth. 

Thus, in order to assess the potential of early enrichment and simulation, 
more circumscribed programs for preschoolers and infants, with more specific 
objectives than Head-Start, must be considered. Since this has been a major 
focus of at least several recent volumes (98, 173, 190), only a few illustra- 
tions are given here. Among the most straightforward of these is a program de- 
scribed by Bereiter & Englemann (25, 26), who believe that the key problems of 
language and reasoning deficiencies in the disadvantaged are best approached 
directly, as if English were to be learned as a second language. Their project for 
4-year-olds, which has widely influenced the mass media, builds through five 
basic training steps: verbatim repetition, yes-no questions, location tasks, state- 
ment production, and deductive reasoning, hierarchized roughly in difficulty. 
Training proceeds quickly in a context of repetition, drill, and discipline. These 
investigators report rapid skill-acquisition and have demonstrated measured IQ 
gains of between 10 and 17 points for preschoolers and kindergarteners. Program 
children significantly exceeded matched Cs in reading and spelling. 

The Peabody Program (148, 149), framed around intensive, 10-week summer 
preschool experiences for markedly disadvantaged youngsters, has both motiva- 
tional and skill components. Motivational objectives include promoting an 
achievement orientation, learning to delay gratification and to persist, and 
developing school-related interests, whereas skill training emphasizes perceptual, 
language, and concept development in the context of a stimulus-rich environment. 
Over the 27-month preschool project period, Es’ IQs increased by about nine 
points, whereas Cs’ dropped six points. By first grade, however, Es began to lose 
ground. 

A program at the New York Institute for Developmental Studies (IDS) (96, 
338) explored the use of a therapeutic curriculum over a 5-year period with dis- 
advantaged slum children. Training in reading, language, arithmetic, science, 
and concept-formation was featured, backed by a program of generalized cul- 
tural enrichment. The IDS project adapts to the individual child’s current de- 
velopmental status, and builds its training around specific, identified areas of 
deficit. Es were found to exceed Cs on measures of IQ, language development, 
and self-image. In summary, Hunt (190), based on a review of 20 specific com- 
pensatory education programs, states that all academically oriented ones have 
demonstrated gains in academic skills for their enrollees. 

The observation (50, 187) that the first 3 years of life are overwhelmingly 
critical for shaping the development of children, particularly the disadvantaged, 
has led to a number of experimental studies in infant stimulation. Indeed, there 
have already been several reviews of such work (187, 190, 338). Illustratively, 
Caldwell (50) established a day-care unit to work intensively (i.e. 6-9 hours daily, 
five days a week) with infants as young as 6 months. Caldwell’s program is 
designed to promote perceptual, sensory, and cognitive development and is 
built around activities such as listening, observing, ordering and classifying, 
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coordinating and relating, memorizing, concept-formation, and problem-solving. 
The program also seeks to enhance personal growth, self-concept development, 
and acquisition of social skills, as well as to provide a broad range of culturally 
relevant knowledge. Significant IQ gain and growth in social competence were 
reported for children in the program 3 months or longer. 

Another program (335) used college students as help-agents with ghetto 
infants, ages 14-23 years, experiencing marked slowdown of social and language 
development in the absence of of known neurological or physiological impair- 
ment. Enrichment, stimulation, language modeling, and shaping of prosocial 
behavior were the key program elements. A significant IQ gain of about 15 
points over the 5-month program period was reported for an initial pilot group. 
Evidence of gain-erosion was again noted after the program ended. 

Several other programs with comparable objectives are set in the home. 
Schaefer (320, 321) used daily home visits by college-trained tutors for a group 
of inner-city infants, ages 15-36 months, in an attempt to foster language de- 
velopment during its critical unfolding period. Tutors established close personal 
relations with their charges, played games with them and read to them and took 
them on excursions. In addition to language-tutoring and modeling, they also 
engaged in sorting, classifying, building, and musical activities. Es scored signifi- 
cantly higher than Cs on IQ, perceptual, and picture vocabulary tests at the end 
of the program, due mostly to a drop in Cs’ scores, but these gains began to decay 
after the program ended. Painter (279) also used daily home-visiting tutors with 
a group of 8-24 month old disadvantaged children. In his program, tutors en- 
gaged in a variety of activities designed to foster intellectual and language de- 
velopment. On IQ and language tests, Es significantly outperformed Cs. 

Gordon’s (146) project, training indigenous low-income mothers to function 
as “parent educators” with mothers of other disadvantaged infants, is among the 
most ambitious in this area both in scope and research. Lectures and large 
group discussions, i.e. the middle class “route,” were less effective as training 
devices for this group than role-playing, field visits, small group discussions, 
and on-the-job experiences. Parent educators were given both specific task train- 
ing and training in methods of engaging infants. Task training heavily reflected 
Piaget’s view of sensory-motor development and included items relating to object 
permanence, organization of body schema, and conservation. Training was also 
given to encourage labeling and the use of action words. The parent educators 
worked with 216 families with children between 3-24 months. About half the 
infants started the program at the age of 3 months and the rest at 1 year. Early 
starters significantly outperformed Cs on the Griffiths Scale of Intellectual 
Development. The same was true at the end of the second year, both for the 
early and late-starting Es in comparison to Cs. However, early starting Es who 
discontinued at age 12 months were not superior to Cs at age 24 months. The 
importance of Gordon’s work lies not only in demonstrating the effectiveness of 
the indigenous low-income help-agent and the significant contribution of early 
stimulation, but also in underscoring the importance of continuous programming 
if gains are to be maintained. 
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The internal consistency and weight of the findings reported in this section 
add to an exciting sum. These studies tell us that dramatic cognitive, linguistic, 
and social growth can be brought about in young disadvantaged children in rela- 
tively short time periods. Hunt (190) clearly senses the import of these data: 


If the behavioral sciences have discovered anything that begins to approach in human 
significance the antibiotics and contraceptive pills of the biological and medical sci- 
ences and the atomic energy of the physical sciences, it may well be the new evidence 
of the great plasticity in infant and early child development. This new evidence pro- 
vides a basis for a justified hope that the cycle of poverty can ultimately be broken 
(p. 232). 


A warning note, however: a battle may be won, but not a war! It would be a 
mistake to ignore the fact that many, if not most, of these studies report sharp 
erosion effects when the program ended, suggesting that the difficulties of the 
young disadvantaged are sufficiently complex and deeply rooted that encapsu- 
lated short-term interventions may only be palliative. If the full promise of these 
programs is to be realized, they will require firmer anchoring both cross-sec- 
tionally, by improving ghetto living conditions and by greater family involve- 
ment, and longitudinally, through continuous intervention during the critical 
preschool period. 


Action programs.—Although developmentally oriented programs are theoreti- 
cally attractive, they do not directly address massive, nonpostponable problems 
of ineffectiveness, human waste, and social conflict that beset America’s inner- 
cities today. The tried and true ways of the middle-class MH establishment 
have scarcely dented these problems; hence we desperately need promising al- 
ternatives. Concrete examples of innovative stirrings along these lines are cited 
in the section to follow. 

Goldenberg (140-142) developed the Residential Youth Center (RYC) as a 
new type of setting to promote development in inner-city problem youth. 
RYC reflects the belief that the critical factors in determining whether or not the 
poor will be helped have to do with how settings are engineered rather than hav- 
ing specified services available to them. RYC rests on three assumptions: (a) that 
the problems of the poor can best be solved on their own turf; hence the program 
is located in a converted inner-city rooming house; (b) that committed, indigenous 
nonprofessionals are more appropriate change-agents for the poor than profes- 
sionals, and hence RYC is staffed by ghetto alumni; and (c) that decision-making 
power should be vested in line-staff and residents rather than in vertically as- 
cendant “‘top-brass”; hence all duties that are part of its normal function are 
shared by staff and residents, counseling is done by all staff members, and resi- 
dents participate in RYC’s operation and governance. The Center’s atmosphere 
is home-like and open. Peer interaction is encouraged, as are self-help and realis- 
tic, personal goal-setting. Residents contribute to their room and board. 

The RYC serves about 25 youth ages 16~21 at any one time. Their average stay 
is 5 months. A comprehensive research program compared resident Es to Cs, 
9-12 months after the program’s start, on a broad series of measures, including a 
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number of face-valid (i.e. those defining past life-failures) behavioral indices. 
Es had dramatically better employment records, higher income, and fewer arrests, 
incarcerations, and days in jail. These hard data were supported by significant 
decreases in alienation and authoritarianism, greater trust, and a more positive 
view of the world, each significantly favoring Es over Cs. Thus, RYC stands as 
a model of an innovatively engineered community setting with demonstrated 
potential for producing constructive change in hard core ghetto adolescents not 
reached by traditional MH services. 

The Howard Institute for Youth Studies ([YS) program (124, 218, 242, 243) 
models another SC alternative for multiproblem, hard-core, unemployed youth— 
i.e. the otherwise losers—ages 16-21. All trainees, whatever their ultimate role, 
received “core” training which included: learning more about oneself, the 
immediate community, and the world at large; acquiring basic skills in observa- 
tion, recording, use of supervision; and knowledge of community agencies and 
relations. This training was supported by counseling, direct educational ex- 
periences, peer feedback, and discussion of actual observations from job settings. 
An important aim of core training was to build flexibility into the program. Skill 
training was also provided, using tasks required for specific jobs as major instruc- 
tional tools. Trainees in IYS were prepared for a variety of human services func- 
tions, some noted earlier, in enforcement, social service, education, recreation, 
child care, health, and mental health. An important aspect ofthe program was the 
development of attractive job opportunities with career ladders in diverse com- 
munity settings. Depending on the program and the skills required for job entry, 
training, always full-time, lasted anywhere from 3-9 months. 

Four of every five trainees starting the program finished it and were success- 
fully placed—an encouraging datum. Follow-up 2} years later (124) demon- 
strated that the unemployment rate of the group had dropped from 90% to 13%, 
that delinquent acts had tapered off sharply, being limited toa total of 15 acts by 8 
trainees in the post-program period, and that one-third of the group had gone on 
to further education (124). The IYS program, engaging a chronic, knotty social 
problem, effectively reduced antisocial behavior in a hard-core group and 
harnessed its talents productively. 

The Neighborhood Service Center (NSC) (283, 297) is another inner-city 
SC model with major impact. The NSC was set in the South Bronx, an over- 
whelmingly slum-blighted area of one-third million, characterized by low educa- 
tion levels, high poverty, unemployment, and welfare rates, and a surplus of all 
major social problems imaginable: homicide, suicide, separation, divorce, 
delinquency, addiction, venereal disease, and admission rates to mental hospitals 
and other public institutions. 

Before 1963 the area had no MH services, in part because traditional services 
turned off the poor. The aim in engineering the NSC (297) was to develop a setting 
that capitalized on the environment’s profile and met real needs of the poor in 
realistic ways. More specifically, NSC sought to: provide and expedite MH 
services; increase neighborhood cohesion by reducing powerlessness and foster- 
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ing social action; and initiate institutional change, especially coordination and 
improvement of community services. The original NSC, set in a street-level store 
front and manned by a director and team of indigenous neighborhood nonpro- 
fessionals, served an area of five square blocks with 50,000 people. 

A nonprofessional staff, the program’s backbone, was recruited from the 
neighborhood. It consisted of people who knew the area thoroughly and whose 
interest, warmth, orientation, and style qualified them as help-agents in this 
arena. Initially NSC focused on direct, palpable, individual services such as pro- 
viding information, making referrals, taking clients personally to agencies, writ- 
ing letters and filling out forms for them, coordinating agency services, and 
offering direct counseling and “psychosocial first-aid.” Two reasons motivated 
this initial concrete service approach: (a) the evident need for such services was 
great, and (b) to establish a footing and sense of trust as necessary bases for 
later, action-oriented activities. Beyond individual services, NSC activated the 
community to develop a self-help orientation as a pressure against ineffective 
neighborhood institutions. The assumption was made that participation in self- 
improvement activities would promote a sense of dignity, involvement, and 
stake, while reducing dehumanizing feelings of helplessness and powerlessness. 
A number of social-action programs evolved, including: voter registration and 
block cleanup programs; antidrug, antiviolence activities; collaborative ventures 
with neighborhood schools, housing, and welfare organizations; and protest 
campaigns against local agencies that failed to meet residents’ needs. 

Evaluation of NSC is complicated by its breadth and unorthodoxy. The most 
important “pay-off” criteria for this program would be the prime sociological- 
demographic variables noted earlier in characterizing the South Bronx region. 
Obviously, such variables are also affected, in unknown ways, by other social 
reforms. Data are, however, available indicating remarkably high initial utiliza- 
tion of NSC services. New case flow exceeded 500 people per month in the NSC’s 
first 6 months of operation. Thus its reach was markedly expanded. That the 
indigenous nonprofessional is capable of getting to, and bringing meaningful 
help to, the heretofore unreachable attests to the promise of this approach for 
densely populated ghettos with high disorder rates. 

Programs cited in this section are significant beyond their own “tight little 
islands.” As models they have generated significant ripple effects with important 
social consequences, including enactment of enabling legislation in areas such as 
economic opportunity and New Careers. Though these programs are hardly cut 
of the same cheesecloth, several of their common denominators bear mention. 
They focus far more on concrete behavior than on intrapsychic dynamics. Their 
settings, organizational structures, and modes of delivery are fashioned in full 
view of the needs and life styles of would-be helpees. Their goals, including in- 
stitutional and community change, may often require social and political action. 
They engage problems of living directly in the natural ways in which such prob- 
lems occur. They have effectively harnessed realistic, imaginative uses of non- 
professionals to open new programming directions. 
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CONCLUDING REMARKS 


When widely accepted frameworks do not effectively handle problems within 
their mandated scope, and as new relevant problems are identified that they 
fail to address, it is time to reexamine assumptions and to consider alternatives. 
These are the critical elements that have precipitated the current SC ferment—a 
ferment of sufficient magnitude to warrant the designation “mental health’s 
third revolution” (175). Cold evaluation of past dominant MH approaches 
invites the criticisms that, as articulated: they have not provided the manpower 
and resources needed to cope with evident problems and latent needs; they have 
not solved the baffling problems of major mental illness; their pivotal techniques 
have had, at best, limited effectiveness; and they either do not reach, or are 
inimical to, major segments of the population urgently requiring help. To those 
chronic concerns we must now add the new challenges posed by explosive social 
problems such as poverty and violence and their links to disorder, not seriously 
seen before as problems for the MH fields. 

Notwithstanding the fact that its fine details remain fuzzy, the evolving SC 
framework offers a genuine alternative to prior dominant MH approaches. It is 
active rather than passive and accords far greater importance to prevention than 
to repair. Its key components include analysis and modification of social systems, 
including engineering environments and man-environment combinations, that 
maximize adaptation. Its person-oriented prongs stress such approaches as early 
childhood intervention, crisis intervention, and consultation which vastly extend 
reach and promise more nearly geometric payoff increments from finite resources, 
An SC approach turns us away from a fixed-entities view of disordered behavior 
and leaves open the possibility that many different, adverse “end states” can be 
averted by effective environmental engineering. As such, it focuses attention on 
the person-shaping attributes of communities and their primary social institu- 
tions and suggests that topics such as the schools or inner-city are at least as 
germane to the field of disordered behavior as traditional topical units such as 
paranoid schizophrenia or drug addiction. 

The SC framework is in slow evolution. At this early stage two important 
concerns are its relative inattention to primary prevention, and its weak research 
base. Ultimately the latter will be crucial, lest we end up trading one set of 
“horse-faiths” for another. Presently this approach rests on a combination of 
logic and faith. While we are still far from being able to say that the SC mouse- 
trap is a better one, we are sufficiently plagued by our own history and failings 
and by the omnipresent spectre of major, pressing, unresolved MH and social 
problems to recognize that this is a valid, if not urgent, direction for reflection, 
program development, and research. 
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The premise of the following review is that scaling or measurement is not 
simply the assignment of numbers to events according to rule. On the contrary, it 
is rather that meaningful scaling only takes place when several ingredients exist. 
The first of these is a set of data relations which are at least fairly consistent and 
moderately numerous. A second requirement is the existence of a mathematical 
model whose variables can be matched with the empirical conditions and the 
relations among them. This, together with solution procedures, provides a basis 
for solving for numerical values of the variables in the model, and it is these 
numerical values attached to empirical conditions which are the “‘scales.” More- 
over, unless the scales have a use external to the immediate set of data from which 
they have been derived, the scales serve no real function except perhaps as one 
form of verification of the model. Correspondingly, this review concentrates on 
contributions to (a) describing the conditions which data relations must satisfy in 
order to provide scales (measurement theory); (b) models which may be used for 
scaling; (c) methods for the solution of models; (d) the demonstration of external 
validity for the scales so derived. 

Instances of the application of scaling methodology in a straightforward man- 
ner are not noted as such. Testing and factor analysis are not included here be- 
cause they are covered separately, although in their more sophisticated applica- 
tions they fit well into our paradigm. 

The scope of the survey on which this review is based was intended to be rather 
wide, covering most of the major English language sources (the amount of litera- 
ture in other languages is significant and growing rapidly), but it cannot be 
claimed to be complete. Space restrictions led to several compromises with full 
coverage. With a few exceptions, a decision was made to limit, the literature cited 
in the review to materials already published in regular journals and books. Some 
references are noted only tersely, sometimes at grave injustice to their importance, 
and in some cases multiple references by the same author on related topics are 
omitted. The reviewer regrets all these inadvertant and deliberate omissions, and 
hopes that the authors involved will be tolerant of his choices among injustices. 
Much important literature exists only in technical report or other mimeographed 
form, an undesirable state of affairs. 


1 This review concentrated on the period April 1968 to February 1972. Preparation 
of it was supported in part by NIMH grant MH-16474. The author wishes to thank Rex 
Green, Sandra Hull, and Linda Doherty for their part in its preparation. 
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The major subdivisions of this review are AXIOMATIC MEASUREMENT 
THEORY, QUANTITATIVE MEASUREMENT MODELS, MULTIDI- 
MENSIONAL SCALING, UNIVARIATE SCALING, PSYCHOPHYSICAL 
RELATIONS, and GENERAL SOURCES. This organization, which does not 
correspond to the segments of the scaling process presented at the outset of the 
review, more nearly represents the manner in which the literature organizes itself 
in terms of sources and cross-references. 


AXIOMATIC MEASUREMENT THEORY 


There would probably be considerable agreement with an assertion that the 
two most seminal publications in measurement in the 1960s were the Luce- 
Tukey conjoint measurement paper (141), and Shepard’s paper on nonmetric 
multidimensional scaling (179). The importance of these publications lies in the 
fact that they showed ways in which psychologists could be freed from the restric- 
tions imposed by the low level of measurement which they had felt characterized 
the data: consistent ordinal relations were shown to impose interval or ratio scale 
structure. Quite different approaches were used for this purpose. The Luce- 
Tukey approach can be termed the axiomatic one, while Shepard’s was one of 
adopting an explicit functional model. The most important publication in the 
current period was undoubtedly Foundations of Measurement by Krantz, Luce, 
Suppes & Tversky (126), which provides an integration of the major develop- 
ments in axiomatic measurement theory. 

There is not enough space in a general review such as this to discuss the book 
with any degree of completeness, so the comments here are limited to some on its 
general characteristics and approach. It is also referenced in the subsections be- 
low on a number of specific topics. 

The authors’ intention was apparently to summarize, integrate, explain, and 
expand upon material which was published elsewhere, as well as to present some 
largely new theoretical developments. One chapter presents the problems, 
sketches the approaches that will be taken, and discusses a number of strategic 
and philosophical problems very sharply and clearly. It is followed by chapters on 
basic mathematical results, extensive measurement, difference measurement, 
probability representations, several forms of conjoint measurement, finite struc- 
tures, and one on dimensional analysis. 

Throughout the volume the authors show a strong concern with clarity of 
presentation and succeed in their efforts to a high degree. The focus, of course, is 
upon sets of axioms and the representation theorems that can be deduced from 
them. The authors are not content to merely list the axioms and give the proofs. 
They begin the chapters with material that provides the motivation for the axioms, 
they discuss the relevance and interpretation of each, and even give frank, critical 
evaluations of the desirability of basing a system for real data on such a set. 
Formal proofs are preceded by informal discussions of the general approach 
taken in them. The chapters end with several pages of (strenuous) exercises. Thus 
the authors have made a very great effort to meet their readers more than half 
way, but the difficulty of the material may mean this is not far enough for many 
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readers. The book can be read on many levels, however, and patient readers will 
find it worthwhile whatever their level. 


CONJOINT MEASUREMENT 


There were a number of other extensions and clarifications of conjoint mea- 
surement during the review period, but fewer examples of application of the 
axiomatic principles than one might have expected. The difficulty perhaps lies in 
bridging the gap between the conditions which the axioms imply and the realities 
of data in the finite case. Krantz & Tversky (124, 127) attempt to ameliorate the 
situation with a discussion of the nature of the axioms and how they will be re- 
flected in data and thereby used to decide some historically important substantive 
questions. Krantz et al (126) include similar discussions in their treatment of con- 
joint measurement, which is based on a somewhat different axiom set than the 
original. Fishburn (70, 72), Domotor & Stelzer (52), and Krantz et al (126, chap. 
8) describe conditions under which special types of additive representation are 
possible, particularly ones in which probabilities are involved. 

A point made in the axiomatic literature is that part of the utility of the axioms 
is that they provide ways of formulating regularities in data which may be very 
useful alternatives to the stronger functional statements of the typical mathemati- 
cal models. Coombs & Huang (43) apply this approach to the study of judgments 
of “riskiness of bets,” concluding that the ordinal relations in the data support a 
distributive model rather than an additive one in the case of most subjects. An 
independent study within the same general framework is one by Walisten (212) 
in which the patterns of indifference relations among bets were examined and 
found to be consistent with a subjective utility model. The reviewer remains un- 
convinced that naive persons in real-life situations behave in ways that resemble 
more than vaguely the principles of formal probability, however. 

In formulating an axiomatic basis for a measurement system, the empirical 
realizability is as important as their mathematical elegance. Therefore, papers 
such as Holman’s (106) use a more reasonable axiom set as a basis for conjoint 
measurement, and the attempt by Adams et al (3) to clarify the distinction 
between “necessary” (i.e. empirically important) and “technical” axioms pro- 
vides useful antidotes to hyperabstraction. 

A somewhat different development is Levine’s (133, 134). He points out that 
in a variety of areas the key empirical statement is that certain curves should be 
parallel. If they turn out not to be, a possible alternative to rejecting the theory is 
that they could be made parallel by some change in the form of the dependent 
variable. He formulates a set of conditions under which it is possible to render 
them parallel, and he provides some simple, graphic means of finding the re- 
quired transformation. This is a development of considerable promise for use, for 
example, under signal detection theory. One also wonders whether this approach 
‚might fruitfully be applied to psychophysical data such as Indow’s (110) and 
Gregson’s (87, 88) in the area of taste. 

Krantz (121) formulates a special algebraic system for a specific problem, the 
matching of mixtures of colored lights, an area where the empirical relations are 
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of an elegant regularity. It may well be argued that it is more desirable to develop 
systems like this which meet the particular needs of a limited domain that behaves 
with great regularity, rather than to try to develop general models of wide ap- 
plicability, such as the basic ones of conjoint measurement theory. Egeth et al (57) 
studied a problem, for example, where an approach similar to Krantz’s might 
have proved fruitful. 

Kristof (129) develops an axiom system for application to tasks like bisection. 
Fagot & Stewart (65) report a test of the bisection theory included in Pfanzagl’s 
important book (158), using brightness judgments and verifying that midpoints 
of intervals correspond to midpoints of midpoints, etc. A characteristic of their 
test, which deserves wider emulation, was that of fitting a model to one set of 
data and validating the parameters thus derived by using them to predict the 
values of other independent observations rather than simply observing the 
overall fit of the data to the model. 


ORDINAL RELATIONS 


Orders are important in their own right as well as prerequisite to several 
stronger forms of scaling such as nonmetric multidimensional scaling and con- 
joint measurement. Such orders are most meaningfully developed from consistent 
binary relations, of which the most straightforward example is the asymmetric, 
connected, and transitive simple order. Over the years there have been a number 
of attempts to provide sets of axioms that reflected the various sorts of discrepan- 
cies from this neat arrangement which appear in data, while still providing some 
form of order. Several interesting papers in this vein appeared during the period 
under consideration. 

A problem which arises in the context of discrimination as well as preference 
is that of “intransitive indifference,” in which the relation observed resembles 
equivalence in being symmetric and reflexive but turns out not to be transitive. 
Roberts (166, 167) and Fishburn (71) have extended the study of this and related 
problems, employing methods from the theory of mathematical graphs. They give 
similar results, assigning to each point two numbers (u, p), with p positive, such 
that x is preferred to y if u(x)>u(y)-+p(y). Roberts (167) goes on to apply related 
concepts to situations where the empirical “preference” relation observed is, for 
example, a probability greater than one half, showing that this allows the genera- 
tion of families of semiorders. The latter results would appear to have relevance 
to the development of families of consistent discriminability scales in the manner 
of Fechnerian psychophysics. 

In an interesting paper, Ducamp & Falmagne (55) explore means of charac- 
terizing binary relations on AXB rather than AXA. They show in a very clear 
way what patterns of relations must exist for consistency in such cases. Particu- 
larly important is their work on the “bi-quasi series,” of which the Guttman scale 
is an example, and the related “bi-semiorder,” showing that an ordering for both 
persons and items, for example, may be derived, as long as the following pattern 
(e.g. for persons a, a’ and items b, b’ where 1 represents pass and 0 fail) does not 
exist for any pair of pairs: 
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b bi 
a 1 0 
a 0 1 


This paper, and others, illustrates the usefulness of graph theory, and espe- 
cially its matrix representations, in the definition of consistent patterns of 
binary relations. 

In this as well as in other examples of an axiomatic approach, however, the 
problem of what can be salvaged when there is some degree of inconsistency in 
the relations remains an unsolved one, in spite of efforts like Holman’s (105), be- 
cause empirically the departures are inconsistent and therefore hard to formalize. 


EXTENSIVE MEASUREMENT 


Extensive measurement is the kind applied to ordinary physical quantities, 
and its main distinguishing property is the availability of an operation concatenat- 
ing two quantities of the same kind to yield a new quantity of that kind in a regu- 
lar manner. It was largely the necessity for finding alternatives to it that would not 
involve such concatenation operations that has motivated the blossoming of re- 
cent developments such as conjoint measurement. This treatment remains of con- 
siderable interest to measurement theorists, as shown by Krantz et al (126, chap. 
3), because it avoids certain of the difficulties of other treatments, drawing on 
Holman’s (105) as well as Roberts & Luce’s (168) paper on thermodynamics, 
and it includes many surprising features. Other contributions include a paper on 
Holder’s theorem, which is central to extensive measurement (66), and a formula- 
tion of the distinction between density and length (28). 

Among the attractive features of the Krantz et al (126) presentation of exten- 
sive measurement is their forthright discussion of the empirical adequacy of the 
axioms, particularly the solvability axiom which requires that for two weights, for 
example, it is always possible to find a third to concatenate with the lighter so as 
to make the combination at least as heavy as the heavier, and the Archimedean 
axiom which requires that it be possible to concatenate a weight with itself an 
unlimited number of times. 


CoMMENTS 


The recent achievements of axiomatic measurement theory provide hardly 
less than the basis for a revolution in the definition of psychological variables. 
They free the investigator from having to assume that some physical or objective 
index is, in its literal form, the psychological variable. The axiomatic systems 
show how he can use the data relations themselves instead to define, or at least 
narrowly limit, the nature of his variables and the forms of his theories. Given 
this opportunity, it must be said to be a disappointment that more advantage 
has not been taken of it. 

The reasons for this slowness of effect on the psychological community as a 
whole are probably several. First of all, the mathematics it involves are exotic 
to almost all psychologists. Second, the empirical work done has seldom. been of 
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the fine-grained nature which is noted (204) as essential for true application of the 
principles. Third is the relative failure to handle the difficulties posed by the in- 
consistencies inherent in fallible data, and the relative lack of axiomatically 
based computer programs to analyze the data (cf. Lingoes’ work, e.g. 135, and 
Kruskal’s Mononova, cited in 130). Attention to these gap-bridging problems 
seems preferable to development of further esoteric axiomatic systems. It is 
likely, however, that one really striking empirical example in which the axiomatic 
measurement theory approach led to a marked simplification of an area or to an. 
important new substantive insight would do even more toward convincing 
psychologists that the concepts are worthwhile. 


SCALING WITH FUNCTIONAL MODELS 


The average social scientist’s conception of scaling is the assignment of num- 
bers by subjects to stimuli, perhaps according to some sort of instructions re- 
quiring them to keep intervals or ratios equal. One should not lose sight of the 
fact that, with few exceptions, any given judgement is taken as part of a larger 
relational structure, including very often a fairly elaborate model in which the 
scale values are not the numbers assigned judgmentally, but some other set of 
parameters -derived from them. Even in the case of the ratio judgment methods 
developed by Stevens (196), it is the power law relation to the physical continuum 
which gives the ratio property, not the instructions to the subjects to judge 
ratios, and the scale is the power function fitted to the physical scale, not the 
judgments themselves. Moreover, judgments and choices are merely one type of 
data, albeit historically the most convenient, that can be analyzed to yield scale 
values: 

A segment of the psychological community has perhaps always been fully 
aware of the fact that scaling could take place with a wide variety of kinds of 
data and models, and that scale values arrived at by judgment methods could be 
subjected to a secondary analysis to arrive at stimulus parameters. Gulliksen 
(92) gives several examples of both kinds, and not only multidimensional scaling 
but even factor analysis are examples of solving a model for a set of stimulus 
parameters which describe the relations among the observed data. A notable 
feature of the period under consideration, however, was increased appreciation 
of the breadth of the class of models which can be used for scaling. 


SUBSTANTIVE MODELS 


Several papers provide illustrations of the application of these principles. 
Anderson and his co-workers present several (7-10, 178), primarily in the context 
of several types of application of a weighted average model for the judgment of 
composite stimuli. Indow (111, 112) did a series of studies of the preference value 
of composite stimuli, finding a variety of apparently consistent forms of the rela- 
tion of composite stimuli to the components, including an instance of pure or 
literal additivity. Svenson (197) found that a multiplicative model described the 
relation between judgments of the time required for journeys and the rates of 
speed and the distances gone, and this was not the same as the literal physical 
relation. Sjöberg (185) found that such models accounted for the judgments of 
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heaviness of stimuli and the desirability of lotteries (184). Undoubtedly there exist 
in the literature various other examples of similar procedures. Some which are 
more closely tied to explicit scaling or choice models are dealt with later in the 
section on univariate scaling. 

Some authors incorporate a scaling procedure in the model itself. Thus Bock 
(22) not only presents a model for choice data but also derives a multivariate 
statistical method to estimate the underlying scale values. Bechtel in several 
papers (e.g. 16, 17) presents analysis of variance methods for the testing of 
models for difference judgment and the estimation of the stimulus parameters 
involved; the model should be easily adaptable for other weighted combination 
models, Bogartz & Wackwitz (23) contribute to the solution of the problems of 
how to accomplish the monotonic rescaling of the response variable, although 
their model requires the estimation of as many parameters as there are stimulus 
combinations, which may limit its usefulness when there are many data points. 

Undoubtedly the most frequent example of use of a functional model for the 
purpose of scaling is the Euclidean distance model and its relatives. The litera- 
ture on it, however, has become so extensive that it is treated in a separate sec- 
tion. 


ScALING METHODS IN SIGNAL DETECTION 


The theory of signal detection (TSD) is primarily an explanatory model for 
various sorts of decision behavior, particularly in sensory contexts. Fairly fre- 
quently, however, there is direct interest in estimating d. the detectability | 
parameter of a given stimulus, and sometimes also in finding c, the value on the 
simulus continuum of the decision criterion. Some recent papers provide elegant 
bases for estimating these parameters, and these and other papers make it clear 
that TSD, as a basis for scaling methods, is very close to the Thurstone models, 

Statistical estimation theory provides the basis for estimation methods in 
TSD. Ogilvie & Creelman (154) derived maximum likelihood estimates for d’ 
and c as do Dorfman & Alf (53). The latter build on some results for Thurstonian 
successive intervals scaling and do not assume equal variance for noise and signal- 
plus-noise. Abrahamson & Levitt (1) provide several procedures for estimating 
d’ which include but go beyond the normal distribution and equal-variance cases, 
including some tests of hypotheses. Marley (145) discusses sets of conditions 
under which a signal detection response process will have a distribution function 
satisfying certain general criteria. Richards & Thornton (165) suggest a rather 
straightforward least squares method of estimating d’. These and other papers 
provide a substantial amount of estimation power for TSD to go along with its 
explanatory usefulness. 

Wickelgren (215) examines the consequences of assuming variance in the 
decision criterion, noting that the experimental methods that have these effects 
tend to be avoided. He also comments on the fact that d values estimated for a 
given stimulus from different experimental procedures should be related, and 
notes that this consistency is sometimes confirmed. Dorfman & Alf (53) report 
exceptions, however. 

The relation between TSD and Thurstone models exploited by Dorfman & 
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Alf (53) was only part of a more general recognition of the resemblances between 
them in spite of their different purposes. Lee (132) comments on a number of 
these. Two papers (2, 210) studied social stimuli by TSD methods. It will be in- 
teresting to see how useful TSD becomes as a scaling model, especially in terms of 
how much it adds over the similar scaling methods that have been available. 

The reviewer also feels that it would be desirable to examine large amounts of 
TSD data with a relatively open mind before attempting to specify the exact 
form of a distribution, decide whether variances are constant, etc. Moreover, the 
development of the relatively scale-free principles of conjoint measurement lend 
to support a program in which ds and cs are estimated by those means, and only 
then are attempts made to reconcile the obtained values with one or the other 
particular statistical model. 


GENERAL CONSIDERATIONS IN SCALING THROUGH MODELS 


Anderson’s paper (8) articulates a number of useful points, although the way 
in which it presents some material has provoked comment (e.g. 128). Anderson 
presents several models for various kinds of data, and in a manner similar to 
Gulliksen’s (92) shows how they may be solved for their parameters, a process 
which he terms “functional measurement.” He also reminds us that a priori the 
response scale can very often only be defined as monotonically related to the 
variable of primary interest, and that therefore a monotonic transformation to 
bring it into better agreement with the model may be often justifiable. He 
further (pp. 166-68) emphasizes the importance of validation of the response 
scale used by such features as showing (a) that similar transformations are re- 
quired for similar kinds of data, or (6) that transformed scales relate better to 
other variables. Cliff (34) provides instances of the latter and makes a number of 
similar points (36, 38). A scale cannot stand alone; it must be supported by a 
network of relations, and the broader and tighter the network, the more con- 
fidence there is in the scale. Axiomatic measurement theory, particularly con- 
joint measurement and its relatives, reinforces this principle by defining clearly 
the relations that must exist among data in order to justify the existence of scales 
and models of certain fundamental types. 

The axiomatic and the functional scaling models represent two philosophi- 
cally different approaches to measurement, but they perhaps exhibit some degree 
of complementarity. The former emphasizes the relations that are necessary 
and.or sufficient to make certain rather generally applicable underlying models 
valid. The latter says in effect “what if a certain function related the observations 
to values of underlying parameters?” and proceeds to try to estimate the values 
of these parameters. Considered abstractly, the former may represent the 
sounder approach because it is more closely tied to the data relations them- 
selves. As such it may be hoped it will permit a more faithful representation of 
explicitly psychological relations (127) rather than forcing them into molds that 
are, after all, more or less closely adapted from physical world models. On the 
other hand, the functional models seem better able to handle the inherent incon- 
sistency of data, although sometimes at the expense of being able to force a 
completely erroneous model onto a set of data. 
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MULTIDIMENSIONAL SCALING 


As noted above, multidimensional scaling (MDS) properly belongs to the 
family of functional models in scaling, but its literature is now so extensive as to 
warrant separate treatment. Indeed, the avalanche of papers noted by Zinnes 
(222) now reaches such proportions that papers which simply applied MDS 
methods were not reviewed. This section is organized under three subheadings: 
Models, Algorithms, and Methods; Individual Differences and Other Extensions 
(in which the most important innovations took place); and Validity Studies. 


MODELS, ALGORITHMS, AND METHODS 


In spite of the variety of technical terms and descriptions used in MDS, the 
reviewer feels that there is one paramount distinction among analytic approaches. 
This is in whether or not the original proximity index is taken as a ratio scale. 
If not, then the algorithm, whether it simply solves for an additive constant or is 
“fully nonmetric,” is assuming that the distance model is valid and using this 
assumption to transform the original scale into a derived one which is, in a well- 
defined empirical sense, a ratio scale. Thus the important theoretical distinction 
is between metric and “not fully metric” approaches. 


General and theoretical.»—One of the main deficiencies in the scaling literature 
has been a general text on MDS, a deficiency that was remedied to a substantial 
degree by the publication of the brief, rather nontechnical book by Green & 
Carmone (78). While their book has a distinct orientation toward marketing, 
this does not interfere with its usefulness to other fields. In their own research, 
Green and his co-workers have faced most of the problems that arise in applying 
MDS, and this experience allows them to discuss them intelligently and suggest 
workable solutions. They describe the three main computer programs for non- 
metric MDS—TORSCA, MDSCAL, and SSA-I—and pay considerable atten- 
tion to fitting preference data to multidimensional scaling solutions. They also 
sketch briefly the main characteristics of factor analysis and cluster analysis as 
alternative procedures to MDS, and include an appendix describing several 
dozen computer programs which have application to MDS or problems related 
to it. There remains a need for a somewhat more technical source, however. 

Computer programs often achieve wide circulation before being documented 
in the literature, and the more widely used ones are in a continual process of 
revision, due mainly to a lack of edited outlets for computer program docu- 
mentation. This phenomenon is undesirable from the point of view of develop- 
ment in the field and has the incidental effect of making a review such as this 
rapidly obsolete in this respect. Thus, it was good to see two substantial papers on 
the Guttman-Lingoes (G-L) programs published. Lingoes (137) describes the 


? Two books which were published too late to include in the reference list should not 
be overlooked: Green, P. E., Rao, V. R. 1972. Applied Multidimensional Scaling. New 
York: Holt. 292 pp. Also the two-volume work: Romney, A. K., Shepard, R. N., 
Nerlove, S. B., Eds. 1972. Multidimensional Scaling: Theory and Applications in the 
Behavioral Sciences, pp. 261 and 323. New York: Seminar Press. 
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G-L series of computer programs to that date and sketches their rationale. 
Guttman’s paper (94) goes more deeply into the latter, providing what is, except 
perhaps on some historical aspects, the best available theoretical source not only 
on the G-L procedures but also on the general problem of using ordinal data to 
determine a metric dimensional structure, 

Tversky & Krantz (207, 208) present an axiomatic formulation and empirical 
test of a generalized distance function whose main features are generalizations of 
the intradimensional subtractivity and interdimensional additivity which con- 
stitute the Euclidean distance formula. Their data tend to support the general 
model, but those of Wender (214) are less encouraging. Micko & Fischer (150) 
give an axiomatic formulation of general Minkowski distances, Their paper in- 
cludes a good discussion of the mathematical properties of spaces of various 
kinds and also a thoughtful one of the psychological processes that may lead to 
one form rather than another. They conclude, as others have, that metric rep- 
resentations may be relatively insensitive to the exact form of the distance func- 
tion. 

| Several papers were published'on specific technical aspects of MDS. Lingoes 
(136) showed that the distances or scalar products among n points can always be 
transformed to fit into n-2 dimensions, but the rather metric nature of his proof 
suggests that there may be a stronger boundary in specific cases. Two papers 
(130, 131) were published on goodness-of-fit functions. Cooper (44) derives a 
solution to the special cases in which the transformation of the proximity scale is 
restricted to the general linear one, 


Artificial data analyses and the problem of error.—There were several evalua- 
tions of the nonmetric programs using artificial data. Two useful papers (120, 
190) present information concerning the distribution of Kruskal’s stress when 
the proximities are completely random. Both studies found strong effects on 
Kruskal’s stress of both number of points (7) and dimensionality (r), and an ap- 
preciable interaction of the two; very low stress values can occur when ten points 
are analyzed in three or more dimensions. 

Spaeth & Guthery (188) found a disturbing number of failures of MDSCAL 
and SSA-I to recover configurations with error-free data, SSA-I doing a little 
the better. On the other hand, Green et al (86) seem to find good results for the 
same configurations for TORSCA, but this conclusion is to be interpreted cau- 
tiously, since they always analyzed in the “correct” dimensionality. Young (220) 
and also Wagenaar & Padmos (211) studied the effects of adding random error 
to fixed configurations upon the stress values obtained and upon the match of 
the obtained solution to the original one. In addition to the expected effects of 
error magnitude, Young found that recovery improved with number of points 
while stress increased. The problem of how error should be introduced in Monte 
Carlo studies is a complex one, and the procedures adopted affect the conclusions 
of such studies. Young discusses many of the issues thoughtfully, but there is not 
yet any final consensus. Several other Monte Carlo studies were in various un- 
published forms at the time of the review. While conclusions about studies of 
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computer programs may be highly dependent on the exact versions studied, the 
persistent evidence from empirical as well as artificial data sources that MDSCAL 
may on occasion be highly sensitive to the starting configuration used is worth 
noting. Ramsay (162) studied theoretically the statictical characteristics of MDS, 
When his assumptions are realistic it seems quite possible that the available 
programs are distinctly suboptimum as ways of estimating in the statistical 
sense the coordinates of the points. 

Also relevant to the problem of error were several papers on widely differing 
subjects. More data like that of Ekman & Kuennapas (62) would shed light on 
what kind of error functions to use in Monte Carlo studies. Green & Rao (85) 
did a Monte Carlo study of the question of how many categories to include in a 
rating scale, concluding that six categories resulted in recovering appreciably more 
information than three and almost as much as 18 did. They also studied the num- 
ber of “scales” needed to define a dimension in semantic differential-like methods. 
The same authors (84) also investigated various aspects of alternate ways of 
analyzing the scores of n objects on p measures, including the effect of various 
different proximity measures that can be used in that context. 

Two papers suggested ways of matching MDS solutions. One (30) sketched a 
procedure which can be used to compare the MDS solutions obtained from three 
or more sets of data. The second (177) showed that two solutions could be com- 
pared by centering both solutions at the origin and employing an orthogonal 
Procrustes procedure. It may also be pointed out that an ordinary multiple regres- 
sion program can be used to define the oblique transformation which aligns one 
solution with another in an optimum way. 


Other models and situations--Most of MDS focuses on procedures for 
analyzing symmetric matrices in which the entry is assumed to represent distance 
or some qualitatively close analog of it. Other types of data and interpretations 
of the proximity index exist, however. Ekman’s vector model for similarity 
judgment, which assumes that a judgment is a scalar product between vectors, 
was the stimulus for several papers (40, 60, 149, 151), Micko (149) proposed an 
alternative model for analyzing judgments of the kind “how much of stimulus i 
is contained in stimulus J?” which had several interesting methodological and 
psychological features, Ekman (60) compares his vector model to standard MDS 
results on several sets of data, arguing that the reduced dimensionality obtained 
by the latter is often at the expense of reduced interpretability of dimensions. 
Rotation and origin location so as to yield the most valid interpretation is indeed 
a troublesome problem in many applications of MDS, but Ekman’s discussion 
seemed to fail to differentiate between artifact dimensions, the effect of placing 
the origin at the centroid, and the effects of nonmetric transformations. 

Sometimes proximity matrices are systematically asymmetric because of the 
experimental task, a situation which calls for special methods. This can be because 
the row and column indices run over different sets, as if the distances from each 
of several cities in North America to each of several in Europe were known, but 
none of the within-continent distances were known. Schonemann (176) provided 
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an exact method for finding the coordinates of both sets of points relative to the 
same basis, whereas previously the relative positions of the points were definable 
only within sets. Another form of the same problem occurs if the data consist of 
“conditional proximities.” Here we have for each point the rank order of the 
distances of each other point from it, but the complete ranking is not directly 
known. Green & Maheshwari (81) utilize an option of MDSCAL which makes it 
possible to analyze such data, and compare this to a “triangularization” pro- 
cedure suggested by Coombs (41), concluding that even with error in the data, 
both methods are quite effective in recovering the configuration, with triangular- 
ization perhaps working better at the lowest error levels but MDSCAL being 
more robust in the presence of error. Another form of data to which MDS is 
occasionally applied is the method of triads. Roskam (170) discusses various 
ways in which such data can be analyzed to recover an ordering of the distances 
between a set of n points, and tests the methods with a Monte Carlo study. 

Particular content areas are likely to inspire special methods and adaptations 
of standard ones, Gregson (87-89), working in the area of taste, describes special 
methods developed for analyzing data from the area of taste, but large-scale 
employment of standard methods might prove equally useful here. 


Conclusions —Developments within the basic MDS methodology were thus 
primarily conceptual and technical refinements, not innovations. Among the un- 
filled needs is some sort of statistical basis for deciding such questions as the 
number of dimensions which can be reliably defined and the uncertainty of the 
coordinates of a given point. This would be much more valuable than tests of 
the null (nullest!) hypothesis that the proximities are random. Failing such 
developments, MDS is likely to drift into the inferential quagmire that holds 
most of traditional factor analysis. 


INDIVIDUAL DIFFERENCES AND OTHER EXTENSIONS 


The first methods suggested for handling individual differences in the percep- 
tion of stimuli were derived from factor-analytic bases; they were subject to a 
certain type of misapplication, although that could be avoided (37). 

Recent developments include recognition of the specific nature of the prob- 
lems and well-formulated solutions to them. Horan (107) and Micko & Fischer 
(150) showed how averaging data from individuals with differing perceptions 
could lead to results which not only were distortions of the view of any single 
judge but also might not be Euclidean, even when the individuals were behaving 
Euclideanly, and this may explain results from some studies (e.g. 6). 

The general theoretical approach is to allow individual difference parameters 
in the distance model. McGee (148) allows each of N judges to have unique trans- 
formations of the response scale or unique configurations or both. The most com- 
plete formulation, and the theoretical MDS paper which probably excited the 
most interest, was provided by Carroll & Change (31). Their approach is a general 
one in which MDS (primarily metric although a nonmetric feature is included) is 
a special case. The result is a set of stimulus loadings on “group” dimensions, 


SCALING 485 


representing those used by any judge, and a matrix of weights representing the 
degree to which each judge employs each of these dimensions. It is related to 
three-mode factor analysis (203) but is more explicit and somewhat simplified. 
Several applications of it were primarily reported by Wish and co-workers (32, 
181, 216, 217) with results that almost always appear successful and interesting. 
This method appears to provide fruitful avenues for application. 

One of the more difficult situations in which to apply nonmetric MDS is that 
in which the configuration is of mixed dimensional and cluster structure because 
this is likely to give either a degenerate solution or misleading dimensions. Deger- 
man (50) suggests methods for handling such data by looking for hyperplanes in 
the space. Maruyama (147) also studied the problem of finding a smaller dimen- 
sional manifold within a space of given dimensionality. 


Vauinity or MDS 


Comparison of structures obtained from different sets of data.—As noted at the 
outset, a focus of this review of MDS literature is data which bear on the question 
of whether MDS structures have substantive validity beyond merely summariz- 
ing the data from which they are derived. A related question is whether different 
sets of data, e.g. different kinds of judgments, yield substantially the same struc- 
ture. They were a number of studies of this type. Several workers (26, 48, 180, 
218) did studies in which visual stimuli, and also names of them, were judged, 
finding configurations with considerable similarity, supporting the notion that 
similarity judgments tap some cognitive map of the stimuli. 

There were also several studies of the effects of different modes or criteria for 
judgment. Yoshida et al (219) compared structures from similarity judgments 
and from category clustering of adjectives. Henley (100) compared the structures 
obtained from five different kinds of data on animal names, finding substantial 
correspondence in dimensions from some but little for two of them, perhaps be- 
cause they did not reflect semantic similarity very accurately. Lund (142) analyzed 
triad and magnitude judgments. Two studies (25, 221) compared response latency 
and judgments as indices of dissimilarity. All of these studies found similar struc- 
tures for at least some of the methods. Aiken & Brown (4, 5) analyzed judgments 
of discriminability of visual forms, finding congruent configurations for two judg- 
ment methods but substantial differences from one obtained from their actual dis- 
criminability. In two studies (69, 79) subjects were asked to judge similarity of 
stimuli with respect to particular, presumably unidimensional, characteristics, as 
well as to judge overall similarity. In both cases there were a substantial number 
of failures to find the dimensions derived from the specialized judgments in those 
derived from the overall judgments, but the failure may be attributable to the 
relations being curvilinear or to inconsistency of judgment. However, these 
failures, along with the finding that there were differences as well as similarities in 
the structures found in a number of the other studies cited, suggest that MDS 
gives the main stimulus dimensions but perhaps not all of those that the judge is 
capable of using, and not always in exactly the same form. 

Several studies (11, 82, 83, 153, 216, 218) compared structures obtained with 
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MDS to those from semantic differential-like bipolar rating scales. Their results 
showed some consistencies and some differences in the methods which perhaps 
are to be explained by the fact that in procedures like the semantic differential 
the dimensions are in effect weighted by the number of scales representing each 
rather than directly by their importance to the subject. This has two possible 
effects. First, any stimulus dimension not represented in the scales will not emerge 
from the semantic differential analysis even though it is important for differen- 
tiating stimuli. Moreover, the dimensions that are found are weighted by the 
number of scales representing them as well as by their salience to the judge, so D? 
may not correlate too highly with similarity, even though the dimensions re- 
covered from both may be similar. The reviewer feels that MDS is the preferable 
technique for determining the salient stimulus dimensions because it imposes the 
least restriction on the basis by which the judge makes his responses and most 
validly reflects the importance he attaches to them. 


MDS structures and unidimensional judgments.—Perhaps the most persuasive 
evidence for the validity of structures from MDS came from the studies in which 
a variety of other responses were shown to bear direct quantitative relations to 
them. The most common study of this type related some sort of liking or prefer- 
ence measure to the dimensions. Several studies (24, 51, 81-83), notably by 
Green and his co-workers, are good examples, showing close relations between 
preference and position. One study (80) of liking for television shows failed to 
find close relations, however. Most studies have found that the degree of liking 
increases the further one goes in some particular direction in the space, but some 
(35, 189) find cases more consistent with there being a preferred locus in the 
space, with liking decreasing as a function of distance from this place. Other 
more complex functions relating preference to dimensions have turned up in 
some as yet unpublished studies. The complexity of the results to date can be in- 
terpreted as validly reflecting the nature of human value judgments, which can 
undoubtedly take on a variety of different relations to the perceptual dimensions, 
depending on the domain and the judge. Also, as in the television program study, 
it is probably true that in some instances preference is determined not only by the 
dimensions or typologies that determine the gross structure, but rather by highly 
specific traits that differentiate among stimuli that are close together in it. Multi- 
dimensional scaling is apparently useful in finding out which of these situations 
is true, as well as in the exact form it is taking in a given instance. 

While preference sometimes follows a generalized unfolding model in its rela- 
tion to a multidimensional space, attempts to use unfolding procedures them- 
selves have not been notably successful in revealing the more general perceptual 
structure. Such failures probably occur when there are not enough ideal points 
present in the sample to determine the structure. The “vector” type procedure of 
Bechtel et al (18) may have similar difficulties since it also relies on the lack of a 
consensus as the means of defining dimensions. 

A more theoretical analysis of the relations between preference and dimen- 
sions was carried out by Tversky (206). He explored the different kinds of rela- 
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tions that can exist between the relative liking for two stimuli and their relative 
positions on dimensions, suggesting examples of intransitive preference and ex- 
plaining them in terms of a plausible response model. 

Several investigators have found that other unidimensional judgments of 
stimuli, particularly words, fit into the space found by MDS analyses of judg- 
ments of similarity. Several studies (33, 39, 169, 205), in addition to those cited 
above on the semantic differential, found that position on individual rating scales 
were highly correlated with one direction or another in the MDS space. One (33) 
also found evidence that suggested that personality inventory responses related 
to the positions of the items in a semantic meaning space relative to the respon- 
dent’s self-concept or persona. 

Other studies investigated other sorts of stimuli and unidimensional judg- 
ments. Cliff & Young (39) report that judgments of the emotional intensity of 
facial expressions behaved as if they were distances from an implied “origin” 
in the space. Also, the degree of military threat which was judged to be posed 
by simulated air raids was a fairly direct function of their locations in a con- 
ceptual space derived from similarity judgments; the defensive measures se- 
lected were also a direct—but different—function of the raids’ positions in this 
conceptual space. Isaac (114) found MDS results valid for predicting subjects’ 
responses to a rather unique task, predicting which stimulus would be picked out 
as the “odd one” from a tetrad of stimuli. Clearly, a variety of judgmental tasks 
are consistent with MDS results. 

Two studies were relevant to MDS’s sensitivity to the particular stimulus set 
used. Green et al (82) found that the proximities among five stimuli were virtually 
unaffected by which of two larger sets they were included in for judgment. Indow 
& Matsushima (113), on the other hand, found that judgments of colors selected 
from limited areas of the color solid were virtually unidimensional. It appears 
that there may be two questions involved here. One is perceptual-judgmental, 
asking whether the judgments themselves are affected enough by contexts to 
result in substantially different structures. The other is perhaps more related to 
methods of analysis and the amount of error in the data, asking whether restrict- 
ing the range of a dimension may result in its character being so obscured by 
error as to be lost. 

In addition to providing empirical data, Cliff & Young (39) presented a for- 
mulation in which to embed a variety of scaling results. They hypothesized that 
the individual carries with him an organized structure for a given set of stimuli, 
and that the variety of different responses he may make to them are to be under- 
stood as various different mathematical functions of this structure. Moreover, 
they felt that MDS analyses of judgments of similarity or similar responses 
yielded an approximation to this structure, 


Transactions between MDS and other aspects of psychology.—The methodol- 
ogy of MDS and concepts derived from it have begun to show usefulness to 
problems in the more traditional areas of psychology. Hyman & Well (108, 109) 
showed that the exponent in the distance function (city block vs Euclidean) may 
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provide a useful index of the degree to which stimulus dimensions are integrated 
rather than separately considered. Garner & Felfoldy (77) found these concepts 
useful in explaining behavior in a sorting task. Slak (187) proposed that the chan- 
nel capacity of various sensory modes combines as a Euclidean distance function 
to the separate modes, and provides data in support of this contention. Arnold’s 
(11) results suggest that the subject can adopt several different metrics, depending 
on the task and stimuli. Data of the types cited above might lend themselves well 
to the more formal concepts of Tversky & Krantz (207, 208) than to the simple 
functional approach usually studied, however. 

There were some studies in which MDS solutions were cast in the role of de- 
pendent variables. Among these was the study by Friendly & Glucksberg (76) 
which showed systematic differences in semantic meaning spaces between sub- 
groups, interpreting the differences as a function of absorption into a subculture. 
MDS could be used to evaluate change resulting from training or education. Ran- 
kin et al (163) provide a beginning in this direction, and the study by P. E. John- 
son et al (118) could, for example, have been done before and after a physics 
course emphasizing dimensional analysis. Further uses of these types seem to 
offer objective but rich methods of demonstrating differences which heretofore 
could only be described impressionistically or with the simplest frequency counts. 
So additional studies utilizing MDS structures as dependent variables are antici- 
pated. 

At the outset of this review it was contended that scaling had very little pur- 
pose unless the results of the scaling analysis were intended for further use and 
that external evidence of scale validity was important conceptually. From the 
- studies cited here, it appears now amply demonstrated that structures obtained 
by MDS from indices of subjective similarity do have validity, especially for other 
judgmental responses. There are exceptions; perhaps these are instances where 
the MDS structure is not specific enough or not precise enough to be relevant to 
particular responses. The formulation proposed by Cliff & Young (39) has sub- 
stantial validity, but it is perhaps optimistic with respect to the accuracy and 
generality of MDS results. 


UNIDIMENSIONAL SCALING PROCEDURES 


This section describes recent research relevant to the judgment procedures 
which are the mainstay of scaling applications: rating methods, magnitude 
methods, and comparative judgment methods. New methodological develop- 
ments were relatively few, but there were a number of studies of context effects, of 
applications of choice theories, of statistical characteristics of methods, and, per- 
haps most importantly, of the relations between scales obtained by various 
methods. They are summarized below, but the studies which focus on specifically 
psychophysical problems, i.e. the nature of psychophysical laws, are treated sepa- 
ately in the next major section of the review. 


METHODOLOGICAL DEVELOPMENTS 


Among the relatively few analytical papers in this area was Schonemann’s 
(175) formulation of a least-squares estimation procedure for Case V paired com- 
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parisons, Phillips’s (159) on finding a numerical representation of an ordered 
metric scale, and Dunn-Rankin & King’s (56) arguments for simply counting the 
votes for each stimulus in paired comparison. Abandoning the use of any specific 
model for the choice behavior is a step that is contrary to the principles we have 
focused on here, however. Rule (172) indicated that the average, over subjects, of 
slopes in magnitude estimation is the harmonic mean of the subject’s exponents. 
In a series of papers, Herrick (101-103) proposes some stochastic properties of the 
classical psychophysical methods, deriving some specific relations that should 
exist among their results, reminiscent of relations among signal detection tasks. 
Clearly, the traditional methods did not excite much methodological interest. 

Stimulus presentation controlled by computer program would appear to be a 
desirable scaling development. One such computerized procedure for system- 
atically altering the stimulus according to some rules in an iterative fashion is 
described and evaluated by Pollack (160). Additional developments in computer- 
interactive scaling are under way but not yet published, 


PAIRWISE CHOICE MODELS 


Papers in this field focused primarily on aspects of Luce’s choice model and 
concepts with a similar orientation. Marley (146), for example, extends a choice 
theory to provide a theoretical analysis of ranking behavior. Several studies 
tested or compared choice models experimentally. Rumelhart & Greeno (174) 
contrasted a simple Luce model with a similar one of Restle’s which, like Thur- 
stone’s, includes terms describing the “overlap” between stimuli as well as their 
scale values. They found that this model provided a better fit, on data especially 
suited for it, than did Luce’s simpler one. Tversky & Russo (209) discuss a gen- 
eral type of scaling called simple scalability, applicable to choice probabilities. 
Simple scalability describes the situation in which the probability that x is chosen 
over y is a strictly increasing function of a scale value for x and strictly decreasing 
function of the scale value of y. They argue that properties derived from simple 
scalability tend to be violated when the stimuli are not homogeneous, i.e. com- 
parable on a single continuum. The stimuli of Hofstel (104) may provide an 
example of nonhomogeneity. The focus of these papers, appropriately enough, is 
perhaps more on the models as models than on their use in scaling, but the paper 
by Freedle & Lewis (75) focuses at least equally on the scaling aspects. 

There were several papers related to the unfolding type of approach to pair- 
wise choices. Bechtel’s (15) analysis allows the joint estimation of stimulus scale 
values and the distribution of the subject population on the continuum. The 
method appears to have useful social-psychological application. However, Hall 
(97) describes some data relevant to it which seem to support some qualitative 
predictions of unfolding but not the specific quantitative ones of Bechtel’s model. 
He also (96) reports several sets of paired comparison data which were analyzed 
by Thurstone and Choice Axiom methods as well as by unfolding, finding that 
unfolding methods were needed in order to explain judgments of which statement 
more nearly represented the subject’s own views. 

The primary usefulness of the various pairwise choice models is in their appli- 
cation to social-cultural rather than simple sensory stimuli, but to the reviewer it 
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seems that experience to date indicates they are of only limited utility as descrip- 
tions of the behavior of individual human subject’s choices, The problem with 
the stochastic choice models lies just in their probabilistic nature. At the level of 
the individual, the choice probabilities are close to unity and zero. Moreover, an 
attempt to estimate the probabilities by a procedure like repeated presentations 
has the effect of changing the probabilities. On the other hand, consistent indi- 
vidual differences, especially multidimensional ones, lead to proportions which 
are inconsistent if one attempts to use subjects as replications. Unfolding might 
be more valid in these contexts, but it seems to be trying to do too much with a 
very limited amount of data when it attempts to scale both persons and stimuli 
from the binary choices, especially if the data is multi-dimensional. The two-stage 
methods discussed under multidimensional scaling seem much more likely to 
provide valid descriptions of preference behavior, although the concepts of 
Tversky (206) also need to be taken into consideration. 


Tue EFFECTS OF CONTEXTS ON SCALE VALUES 


Most applications of scaling methods employ judgments in one way or 
another, and a persistently aggravating problem is posed by the fact that each 
judgment is affected by the other stimuli being judged. Recent empirical studies 
of ratio judgments (63, 171, 186) continue to show such effects. Several sets of 
several different kinds of pairwise ratio judgments were shown to be inconsistent 
with any of several models which assumed that the judgments were on a ratio 
scale (186). Ross & Di Lollo (171) provided a set of data showing particularly 
sharp stimulus-range effects, reaching a conclusion “.., that magnitude esti- 
mates are made on an interval scale, with a unit and an origin that changes with 
context.” Moreover, they assert that the judge “constructs his estimates of stimuli 
indirectly, from estimates of difference.” 

Context effects are well known to occur with category scales, too. Here the 
interest is as much in studying the effects for their own sake as it is in their biasing 
effect on scales derived from category judgments. Johnson & Mullally (117) 
showed that the effect of various experimental parameters upon mean category 
judgments can be interpreted as the result of statistical considerations such as a 
regression effect, and that the level of practice of the subjects had an important 
influence on their ability to place an outlying stimulus appropriately (see also 
62). Parducci & Perrett (157) found that the range of values of the set of stimuli as 
well as the distribution within that range had an effect on ratings of a stimulus. 
Helson & Kozaki (99) found strong effects resulting from the position of an an- 
chor stimulus relative to the series being judged. The semantic differential is a 
series of category scales, and Heise (98) gives a thoughtful discussion of how to 
minimize biases in its use. Corso (45) summarizes the success of adaptation level 
theory as an explanation of context effects, concluding that the evidence supports 
the general principle of adaptation level but that additional research is necessary 
for “its precise formulation in quantitative terms.” 

The problem of the effect of contexts is actually several different problems. In 
many practical applications, the goal is to get an approximate interval scale rather 
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than anything more absolute. Since the background has an effect, the goal is to 
keep the background as constant as possible throughout the judging process so 
that the judgments of different stimuli are not differentially affected. This moti- 
vates the use of devices such as clear directions, warm-up judgments, anchor 
stimuli, and well-mixed stimulus series. These background standardizing proce- 
dures should also have the effect of reducing variance. On the other hand, in cer- 
tain basic areas such as the determination of the nature of psychophysical rela- 
tions, there may well be concern that these controls will themselves destroy the 
form of the relation by biasing the response scale. Since all judgments are subject 
to these influences, how does one know when he has the “right” set of judgments? 
There are two types of answers. One is to shift the focus of attention away from 
the expectation of any “true” scale over to the study in their own right of the 
changes that are induced. This is the approach of adaptation level theorists and 
such investigators as Poulton (161) and Ross & Di Lollo (171). (One may remark 
here on the difficulty of separating perceptual changes from mere changes in the 
way the response scale is used.) A second strategy, one which has considerable 
historical support in scientific practice, is to say that the “right” set of procedures 
is the one that yields the scales which bear the simplest relations to other variables. 
This is the basis for many of Stevens’ arguments (e.g. 191). Which of the two atti- 
tudes is the superior one depends on the importance of the discoveries made by 
studying the effects of the extraneous variables on the one hand and upon which 
relations are judged to be simpler and most numerous on the other. 

Somewhat related to context effects are several papers on the distributional 
characteristics of judgments. John (116) found that, for magnitude estimate 
judgments, the index of variability (X/s) increases with stimulus. In two studies 
(115, 116) he found that an information measure of uncertainty was a curvilinear 
function of stimulus value, being highest in the middle, Oyama (156) reports that 
different subjects use response distributions that differ in several different ways. 
The results of these papers were used in various ways to help interpret the judg- 
ment behavior of subjects. 


RELATIONS AMONG DIFFERENT METHODS 


There are three main types of responses that are used to derive scales: ratio 
judgments, category or rating judgments, and discriminations. Correspondingly, 
there are three basically different kinds of scales: magnitude scales, category 
scales, and discrimination scales, and over the years there have been a number of 
studies of the relations among them. Previously the consensus was probably that 
discrimination scales are logarithmically related to magnitude scales with cate- 
gory scales bearing an intermediate, quasi-log relation. The recent evidence, how- 
ever, shows that a variety of relations can exist among them. While John (115) 
found the usual quasi-log relation between category ratings and magnitude esti- 
mates, Sjöberg (183) found linear relations among magnitude scales, successive 
intervals (discrimination), and numerical paired comparisons. However, in 
another study (132) he found a curvilinear relation between magnitude and suc- 
cessive intervals scales; the numerical paired comparison behaved like magnitude, 
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but a Thurstonian analysis ofthe paired comparisons choices showed a curvilinear 
relation. Bruvold (27) found, in a case where discriminal dispersions were equal, 
that category and successive intervals scales were linearly related. Gregson et al 
(90) found that when two anchors were given for “ratio” judgments the scale ap- 
parently acted like a category scale. Markley et al (134) compared magnitude esti- 
mates and category ratings of difference in line length, finding a linear relation 
between the two. Curtis (46) also compared the two methods as applied to differ- 
ence judgments, finding that the relation was linear in log-log coordinates. The 
relations are simple in any one study, but it will take considerable thought and 
probably additional data to sort out the principles which determine which kind of 
relation to expect in a given situation. Perhaps some of the conclusions from the 
next section, Psychophysical Relations, will shed light on the question. 


PSYCHOPHYSICAL RELATIONS 


The objective of science is to find order—order epitomized by various laws— 
and it is a source of frustration to some to find that after more than a century it is 
still not clear, at least to everyone, what the psychophysical law is, or if there is 
more than one, or even if there is any at all. The study of psychophysics typifies 
active scientific fields in that it provides considerable careful empirical research, 
inspires some deep theoretical formulation, and excites a good deal of emotion on 
the part of the participants. 

Recent literature includes a number of papers challenging or supporting as- 
pects of the power law relation between physical magnitude and judged magni- 
tude. There were some very interesting developments in the study of the relation 
of reaction time to each. There were also several interesting studies in what might 
be called compound psychophysics, the relation between judgments of sums, 
differences, and the like, and the physical quantities involved. We may even be 
approaching some sort of integration and reconciliation of the principal general- 
izations and theories. 


Evidence REGARDING THE Power LAW 


One of the most remarkable and regular empirical relations in psychology is 
that which emerges when a subject is asked to judge ratios of simple physical 
quantities or intensities: the power law. This states that judged intensity d is a 
power function of physical or objective intensity d: Y= kén, where m is a parame- 
ter which is supposedly characteristic of a given continuum and X is an arbitrary 
constant depending on the units of the physical continuum and the modulus the 
judge is using. Examples of this relation are by now numerous enough, so we re- 
view here only the more controversial aspects of what has come to be called 
Stevens’ law, attempts to provide a rationale for it, and interrelations among 
instances of it. 

A problem posed for the power law is the apparent existence of individual 
differences in the exponents found for a given continuum. One interpretation of 
the variations in exponent is that it merely reflects some sort of habit or prefer- 
ence on the part of the judge concerning how to use the number scale, and if this 
rather than some difference in perceptual or sensory functioning is indeed the 
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case, then exponents should correlate between modalities. Several studies (20, 61, 
152, 199) found individual differences in exponents to be very wide and fairly con- 
sistent across continua and over time, although test-retest reliabilities decreased 
with time interval, and consistency was not universally found (cf Berglund et al 
21). Rule & Markley (173) found, however, that correlations between exponents 
obtained for the same stimulus modality but different response procedures were 
near zero. Their conclusion, and one that is consistent with the other studies, 
is “...that variability of exponents stems more from idiosyncratic response 
biases than from differences in sensory characteristics.” Together with the con- 
temporary view that numerical judgment methods are just one form of cross- 
modality matching, this conclusion makes the individual differences in exponents 
a less serious problem for power-law psychophysics than at first appeared, but 
suggests that cross-modality matches should be at best only approximately 
consistent with exponents from ratio judgment procedures. 

A basis for rejection of Fechner’s law as a description of subjective magnitude 
is the frequently repeated assertion that equal log-steps of intensity at different 
stimulus levels do not sound equally different. Any assumption that equal differ- 
ences on a ratio-judgment scale will sound equally different also needs empirical 
examination, however. Such a study was done by Beck & Shaw (19), who found 
that equal intervals on the sone scale (ratio judgment) were not judged equal, but 
equal intervals on the lambda (equi-section) scale were. Stevens (191, 195) replies 
to this and to a number of other papers which challenged aspects of the ratio 
methods and the power law. He argues that the effects found are results of such 
things as underestimates of slope due to statistical regression and special experi- 
mental problems with some modalities. He also suggests that in some cases a 
threshold must be solved for (cf Marks & Stevens 144) and failure to do this dis- 
torts the scale. However, it appears that an additive constant may also be neces- 
sary on the psychological scale, posing an additional conceptual difficulty. 
Stevens’ (191) procedural suggestions for finding the “right” psychophysical 
relation have the effect of emphasizing the fragility of any particular value ob- 
tained as parameters of the relation, and therefore imply that various consis- 
tencies among judgments will only occur under special circumstances, a condition 
which greatly reduces the power of the power law. One cannot question the fact, 
however, that very neat psychophysical relations have been found with the ratio 
methods in many studies. There does appear to be a serious question now about 
just what the results mean. 

Krantz (123) presents a formalization of the way in which such consistencies 
as independence from modulus stimulus and the power law lead to ratio scales, 
and presents a theory to account for the consistencies. The theory takes the con- 
cept of stimulus relations rather than sensation magnitudes as such as the central 
basis of judgment. It is interesting in many respects, but the rather doubtful 
empirical status of many of the consistencies which are used as its basis calls into 
question its ultimate value. In a somewhat different vein, Osborne (155) gen- 
eralizes the restrictions imposed upon the nature of relations among scales by 
their respective scale properties. 

Interestingly enough, the power law received support from electrophysio- 
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logical measurements. Drake et al (54) found that such measurements made on 
frogs were linear in log-log coordinates with the concentration of an odorant. 
Franzen (73) found (in humans) that electrophysiological response to vibration 
to the finger was a power function of stimulus intensity. Stevens (194), for the 
most part reviewing old published data, reports that receptors respond to input 
energy by a power law in terms of frequency of spikes. He notes, however, that in 
some modalities, e.g. audition, the response of the end organ is a complex, even 
nonmonotonic function of the input energy, but feels that the complexities are 
ironed out at higher levels in the nervous system. The complexities of the mecha- 
nisms which the receptor systems employ, presumably so as to be able to handle 
wide ranges, are such as to make the existence of any simple psychophysical rela- 
tions extremely surprising. It may also be noted that Eijkman et al (58) argue that 
a power-law transducer is necessary for a Weber’s law effect. 


RELATIONS BETWEEN DiscRIMINABILITY AND Ratio JUDGMENT SCALES 


A number of developments support a reconciliation of the nature of the scales 
determined by ratio judgment methods with those determined by discrimination, 
mainly revolving around the fact that discriminability and subjective ratios must, 
on the evidence, be closely related. The basic reason rests on the two fundamental 
empirical generalizations of psychophysics: Weber’s law and Stevens’ empirical 
law that equal stimulus ratios are judged equal. It is fairly widely recognized 
(e.g. 12, 123, 198) that Weber’s law can be restated as “Equa! stimulus ratios are 
equally discriminable.” Since equal stimulus ratios form equal subjective ratios, 
equidiscriminable stimuli form equal subjective ratios. 

Teghtsoonian (198) collates data from several sources to form the basis of 
some interesting observations relevant to Fechner-Stevens relations. First, he 
takes the results of a number of ratio-judgment studies and tabulates the expo- 
nents (m) derived and the stimulus range used, finding that the two correlate .935, 
Then, for a number of continua he takes the Weber fraction Ab/$ and uses it, to- 
gether with the exponent for that continuum, to solve for the subjective “Weber 
fraction” AY/Y, finding it to be virtually constant regardless of the modality. He 
concludes that there is a common (i.e. modality-free) sensory magnitude scale, 
and that the exponents obtained in ratio experiments are a function of the dy- 
namic stimulus ranges being fitted into this one subjective scale. Assuming that 
the studies used to estimate the Weber fractions and Stevens exponents are repre- 
sentative, the conclusion seems reasonable. 

A second provocative article in this area is one by Thijssen & Vendrik (200). 
Building on a suggestion of a “‘multi-range meter” model by Eijkman et al (58), 
they propose a mechanism which seems related to Teghtsoonian’s proposal. 
They hypothesize that the judge sets a “gain factor” if he can and that when he is 
given this opportunity, as when only a narrow stimulus range is used, Weber's 
law will not hold. Using TSD methodology in a series of studies using narrow 
stimulus ranges, their data indicate that there is virtually no change in discrimin- 
ability with change in stimulus level although the d’ values for the different stimuli 
are quite different. One of their other findings is that the slope of the function re- 
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lating d’ to stimulus level (which would correspond to the exponent in a power 
law) changes with different stimulus ranges. Granted this is only one study of this 
kind (and the details of their methodology seem perhaps a little unorthodox, at 
least to a nonspecialist) their results are very intriguing, and the explanation 
offered is worth, examination. 

Beck & Shaw (19) made an additional finding worth noting in this context. 
This was that magnitude estimates of the differences between stimuli were 
exponentially related to the number of jnds separating the two stimuli, a further 
indication of a relation between judgment and discriminability. Baird (13, 14) 
offers a cognitive theory of psychophysics similar in some respects to Poulton’s 
(161), emphasizing the adaptational aspects of psychophysical judgments. Thus, 
with numerical judgments of either the category of ratio types the judge is at- 
tempting to maximize the amount of information contained in his judgments. 
This would appear to be consistent, at least qualitatively, with many of the ob- 
served effects of the stimulus set, of which Ross & Di Lollo’s (171) is perhaps the 
most striking recent example. 

There were several interesting papers on discriminability theory itself and 
upon the interrelations of discrimination and stimulus judgments with reaction 
time. Krantz (122) noted the circumstances under which the integration of jnds is 
legitimate, Falmagne (67) described the conditions necessary for the construction 
of an equidiscrimination (Fechner) scale and went on to point out earlier litera- 
ture which indicated equivalence between discrimination and reaction time as 
bases for the construction of discrimination scales. Luce & Green (139, 140) pro- 
posed an inclusive model for integrating discrimination, recognition, reaction 
time, simple detection, and magnitude estimation (see also 91, 201). The prime 
need here now is for extensive, systematic data from several modalities which 
trace equidiscriminability, equiratios, and equireaction time contours for the 
same stimuli. When plotted with stimulus pairs as the coordinates, these curves 
should all be noncrossing lines radiating from the origin (cf Levine 133, 134). 
The interesting question is then whether similar (or related) transformations of 
the stimulus space can render all of these various sets of contours into straight 
lines through the same origin. This is an exciting possibility, since such a trans- 
formation would be a psychophysical law of a much more fundamental and 
aesthetically satisfying kind than those formulated to date. 


COMPOUND PSYCHOPHYSICS 


The demonstration of a network of functionally simple relations is the best 
evidence both of conceptual grasp of the important variables in an area and of 
technical competence at manipulating them. Consequently, the finding that 
numerical judgments of stimulus pairs, triples, etc were close and simple func- 
tions of the stimulus magnitude is strong evidence that there is “something there” 
in psychophysics, and the frequency with which the functions were of the power 
family reinforces its credibility, whereas the instances where some other sort of 
equally simple relation is found leads one to seek a broader theoretical context. 

Several studies investigated the relation between difference judgments and the 
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physical value, finding regular results. Several studies (19, 46, 49, 64) found rela- 
tions which were consistent with various related power law models for the rela- 
tion between judgment of stimulus difference and the individual stimuli. Markley 
et al (143), whose subjects judged similarity of line length, found an exponential 
relation between these judgments and log physical length. Reconciliation of this 
result with the others is complicated by the complementary relation of similarity 
and difference. Several studies (8, 10, 47, 49) examined the nature of the relation 
between physical scale values and judgments when the subject is asked to judge 
the “sum” of two stimuli. The typical finding is that the subject’s response is a 
linear combination of the power transforms of the two component stimuli. Feld- 
man & Baird (68) presented lights and sounds together and asked for judgments 
of the intensity of the joint sensation, finding that magnitude estimates of sensa- 
tion were a power function of intensity with exponent the average of the expo- 
nents of the component stimuli. 

Other compound stimulus studies include (21), which found that when two 
rather similar odorants were mixed, the intensity of the combinations were about 
.6 times the sum of the judged intensities of the components. In perhaps the most 
striking study of all, Franzen (73) found that not only did the power function 
hold with respect to both judgment and electrophysiological response for vibra- 
tion transmitted to the finger, but when two and three fingers were stimulated 
simultaneously, the sensations increased with the square root of the number of 
fingers stimulated. These results, showing close relations usually involving a 
power law, further support the validity of the judgments obtained by psycho- 
physical methods (or remarkable docility and capacity for mental arithmetic on 
the part of the judges). 


PsyCHOPHYSICAL THEORY 


A fully satisfactory theory of ratio-judgment psychophysics has not yet been 
formulated, but some basic facts which it must explain are apparent. There is the 
power law itself, together with cross-modality consistency, qualified by the sensi- 
tivity to distribution of stimuli being judged. Then there is the equivalence of 
Stevens’ and Weber’s laws, the relation of exponents to Weber constants, and the 
dependence of the constant upon the stimulus range (198). The sympathies of the 
reviewer lie more with the adaptive adjustment viewpoints of such theorists as 
Poulton (161), Baird (13), Teghtsoonian (198), and Warren (213) rather than 
those of theorists like Stevens and Krantz who take the magnitude judgment 
results more literally and downplay the failures of the power law to work in detail. 

It does seem that there must be some sort of all-purpose central mechanism 
that can be used to compare stimuli, and it may well be that it is more useful to 
think of this as a mechanism that compares relations rather than one which com- 
pares sensations.The rate of neural pulses has been suggested (e.g. 139) as the 
basis for such a mechanism. The work of Eijkman (58) and of Thijssen & Ven- 
drik (200), while in need of follow-up, is the basis for the speculation that the 
mechanism for the determination of stimulus relations is a two-stage tuning pro- 
cess which both selects a band (on the basis of immediate past experience) and 
tunes to a place within the band on the basis of the immediate stimulus. The basis 
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for stimulus relation judgments is output about which band is in use and how far 
the stimuli are separated on it. Responses (which are one stage removed from 
judgments) are further modulated by the judge’s assumptions about the relation 
between payoff and magnitude of error in his responses, and by constraints im- 
posed by the response scale made available to him. 


TEXTS AND OVERVIEWS 


Two texts (42, 164) on mathematical psychology containing several chapters 
on scaling topics were published recently. Both books were quite well-received 
(e.g. Freedle 74). However, there is no book more recent than Torgerson’s (202), 
which attempts to provide a complete coverage of scaling theory and methodol- 
ogy. 

Several writers commented on the place of quantification in the social sciences 
and on the philosophical foundations underlying scaling. Krantz et al (126) con- 
sider these questions very thoughtfully, of course, and Green & Carmone’s book 
on multidimensional scaling (78) includes a useful summary. There is also the 
excellent review by Zinnes (222). In addition, Stevens (192, 193) and Guttman 
(95) consider such questions as the place of statistics and numerical representa- 
tions in psychological research and theory. Campbell (29) clarifies the nature and 
function of operational definitions in a way that is in harmony with current ap- 
proaches to measurement. Cliff (36, 38) provides general overviews of scaling 
and measurement, and Krantz (125) does so with a visual perception orientation. 
Luce (138) reviews a number of examples of quantification and developments in 
measurement theory, espousing the view that psychophysics cannot be a mea- 
surement system comparable to physics because it lacks the tight interrelational 
structure of the latter. Among these writers, and also on the part of Tukey (204), 
there is the recurrent theme that it is multiple interrelations among variables that 
are the framework from which both theory and quantifications hang. Also, 
there is recognition of the importance of letting the quantitative and qualitative 
relations in the data, rather than assumptions about the nature of the variables, 
be the primary determiner of the theory used to describe the relations. 

Gulliksen’s paper (93) includes a historical overview of scaling and quantifica- 
tion, emphasizing the contributions of Thurstone and those who followed in his 
tradition. Ekman (59), in one of the last papers written before his recent death, 
criticized the reluctance of psychologists to quantify variables and provides 
several interesting examples in which quantification provided insight into sub- 
stantive problems. Keats (119), on the other hand, feels that scaling, and mathe- 
matical psychology in general, has not addressed itself directly enough to the 
issues central to the domain of psychology. 


EVALUATION AND PROSPECTUS 


It has been observed that psychologists concerned with scaling fall largely into 
two categories: those who are concerned with the construction of exquisite mathe- 
matical structures (the axiomatizers), and those who are concerned with methods 
for wringing a numerical result from given data sets (the representationalists). 
Both camps need to be concerned that they not drift too far from each other, and 
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ideally they should keep together by both staying close to the problems raised by 
the data and theory of psychology as a whole. 

It seems to me that there should be no essential conflict between the two ap- 
proaches. The axiomatists describe the relations that must be present in a set of 
data in order for it to be possible to represent it as a particular function (the 
model) of underlying variables with particular properties (the scales). The repre- 
sentationalists assume a given model underlying the data, and concern themselves 
with finding those particular values of the variables which fit “best” with a given 
set of data. I would agree that if the model is fitted willy-nilly without even 
examining the data relations themselves to see which kinds of violations have 
taken place, then the injustice is grave. However, an equal injustice may occur if 
we attempt to limit our study to data which exactly conform to a consistent axiom 
set, 

It is undoubtedly desirable that procedures for examining the qualitative rela- 
tions which are the foundations of measurement models be incorporated in com- 
puter programs for deriving scale values, but I would believe in going ahead with 
the fitting of the model whenever it seems that the data tend to conform to the 
axioms of transitivity or double cancellation, or whatever, tolerating a certain 
number of violations. The data are not the same as the phenomena which the 
scientist is trying to describe with his model; rather they are reflections of them 
which may be distorted either systematically or randomly. 

The exciting part of the modern development of models based on weaker rela- 
tions is that they offer hope of reducing the systematic distortions. What is needed 
now are scaling methods based on the axiomatic models which can be used to 
estimate the numerical representation if it is there in the phenomena behind the 
observations. In the case of both axiomatically and functionally based models, 
statistical inference mechanisms need to be incorporated into the computer pro- 
grams for finding numerical representations, methods which indicate both the 
degree of fit of the model and some sort of probability statement which indicates 
the confidence to be placed in the model as one which underlies the observations. 

On the part of psychological science as a whole there is a tendency to think 
that the measurement specialists, along with other mathematical psychologists, 
should be confined either to a monastery, where they are removed from the buffets 
of problems of everyday science, or to a ghetto, where they can’t threaten anyone 
but each other. Currently, they potentially have enough to contribute to psy- 
chology as a whole that it would be an unfortunate loss if they accepted either of 
these exiles. Modern measurement theory shows that there is more to be learned 
from our data than can be gleaned from the fanciest analysis of variance, and it is 
hoped that the next reviewer of this field is able to describe numerous attacks on the 
means of learning it. The reviewer feels some optimism that the current pragmatic 
philosophical orientation toward defining scales, supported as it now is by con- 
joint measurement and the other theoretical developments, can serve as the basis 
for the integration of measurement into the main body of psychological experi- 
mentation and theorization. 
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transfer, 19-25 
extra-experimental biases, 
22-25 
inhibition and/or abandon- 
ment of nonrewarded 
responses, 21-22 
selective attention, 20-21 
verbal mediation, 19-20 
infancy, 1-7 
attentional measurement, 
2-3 
conditioning, 6 
early experience, 6-7 
language, 6 
perceptual and cognitive 
development, 3-5 
state, 1-2 
memory, 27-29 
paired-associate learning, 


25-27 
perception, 14-19 
abstract spatial operations, 
14-15 
eye fixation and scan pat- 
terns, 16 
information processing, 
17-19 
modalities and perceptual 
development, 16-17 
perception of orientation, 
15 
schema and feature theo- 
ries of pattern perception, 
14-16 
size-shape constancy and 
perception of depth, 14 
Piagetian investigations, 
39-42 
social and community inter- 
ventions, 453-57 
visual information process- 
ing, 208 
visual sensitivity, 175 
Differential Personality 
Inventory 
see Tests and scales 
Dihydroxyphenylalanine 
(DOPA) 
on sleep, 303 
Dimensional preference 
in learning, 24 


Discriminability 
scaling of, 476, 491, 495 
Discrimination 
in paired-associate memor- 
izing, 99 


of rectangles, 215 
Discrimination learning 
developmental psychology 
of 
extra-experimental biases, 
22-25 
inhibition and/or abandon- 
iment of nonrewarded 
responses, 21-22 
selective attention, 20-21 
verbal mediation, 19-20 
Discriminative conditioning 
processes of, 100-2 
Distance 
perception of, 222-25 
Distance function 
multidimensional scaling 
of, 487-88 
Distance, physical 
see Space 
Dogmatism 
correlations with personality 
tests, 244-45, 247 
Draw-a-man 
see Tests and scales 
Dreams 
psychophysiology of 
see Sleep, Rapid-Eye- 
Movement 
Drinking 


conditioning of, 56 
extra-neural aspects of, 
54 
of water 
behavioral aspects of, 63- 
65 
see also Adipsia; Alcohol- 
ism; Thirst 
Drives, basic 
see Basic drives 
Drug addicts 
personality assessment of, 
243 


Dyslexia 
information processing in, 
18 . 
E 
Eating 


see Ingestive behavior 
Education ` 
compensatory 
types of, 454-55 
personality’correlations 
with, 243 
Edwards Personality Inventory 
see Tests and scales 
Edwards Personal Preference 
Schedule i 
see Tests and scales 
Electroencephalograph (EEG) 
of sleep, 279-80, 282-84, 
288-89, 291-98 
Electrophysiology 
power law in, 494 
Elmont project 
of community mental health, 
451 - 
Emic-etic approach 
to cultural psychology, 357- 
59, 365 
Emmert's law 
interpretations of, 223 
Emotion. 
cross-cultural studies of, 
360 
in love, 339 
Empathetic Understanding in 
Interpersonal Process 
scale 
see Tests and scales 
Empathy 
and counseling effectiveness, 
124 
Encounter groups 
pros and cons, 348-49 
Enrichment programs 
at infant level, 6-7 
Entrepreneurship 
theories of, 394-95 
Environment 
and culture, 358-63 
Environmental Personality 
Inventory 
see Tests and scales 
Environmental psychology, 


SUBJECT INDEX 


403-22 x 
behavioral effects of den- 
sity, 209-10 
behavioral factors in insti- 
tutional environments,. 
210-11 
behavioral factors in res- 
idential environments, 
210 
cognitive representation of 
large-scale environment, 
405 
ecological psychology and a- 
nalysis of behavioral set- 
tings, 408-9 
environmental assessment, 
404 
environmental decision- 
making, 406-7 
environmental perception, 
404-5 
human Spatial behavior, 
409 
introduction, 403-4 
mental health, 434 
outdoor recreation and re- 
sponse to landscape, 
411-12 
overview, 412 
personality and environment, 
405-6 
public attitudes toward en- 
vironment, 407 
quality of sensory environ- 
ment, 407-8 
use of space, 347-48 
Environmental Response 
Inventory 
see Tests and scales 
Equity theory 
of job performance, 387-88 
Escape behavior 
impairment of by hypotha- 
lamic lesions, 68 
Eserine 
in sleep studies, 296, 
303 
Eskimos, Baffin Island 
conformity study of, 341 
Ethics 
of counselors, 119 
Ethnic comparison 
developmental psychology, 
29-37 
Ethnicity 
and upward social mobility, 
129 
Experimental Omnibus Vocab- 
ulary Test 
see Tests and scales 
Eye 
and brain, 208 
contact and attraction, 
339-41 
fixation and scan patterns 
developmental aspects of, 
16 
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movement of 
and pattern recognition, 
215-16 
perception during, 219- 
20 


and retinal image move- 
ment, 220 
in visual search, 221 
occlusion effects, 175 
opposite rotations in, 228 
pigmentation of fundus oculi 
and illusion susceptibility, 
362 
visual sensitivity, 151-86 
Eyeblink conditioning 
of infant, 6 
processes in, 99-100 
Eysenck Personality Inventory 
see Tests and scales 


F 
Fading 
retinal processes in, 216 
Family 


in mental health, 435 
Family organization 
cross-cultural studies of, 
360 
Fatigue 
sleep relationship with, 
305 


Fechner's law 

rejection of, 493 
Feeding 

neural control of, 54-55 
Fetus 

sleep states of, 289 
Figure-ground relationships 

brightness role in, 222 
Filial therapy 

description of, 446 
Flicker i 

sensitivity studies of, 165- 

67 


luminance, 166 
nervous system, 166 
temporal aspects, 167 
Food intake 
control and regulation of, 
55 


Forgetting 

processes in, 87-88, 92 
Fourier analysis 

of visual patterns in spatial 

selectivity, 212-13 

Friendship 

measurement of, 318, 329 

studies of, 340 


G 


Galvanic skin response (GSR) 
of hyperkinetic and normal 
children, 9 
personality factors in, 245 
Games 
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cross-cultural studies of, 


and economic behavior, 344 
mixed motive, 343-44 
Glucose 
glucostatic control of food 
ingestion, 65-66 
Goal settings 
and work motivation, 385-87 
Goldschmidt Assessment Kit 
see Tests and scales 
Gold thioglucose 
to study ingestive behavior, 
66 


Goodness 
Gestalt concept of 
redundancy, 215 
Gordon Personal Inventory 
see Tests and scales 


Gordon Survey of Interperson- ` 


al Values 
see Tests and scales 
Griffiths Scale.of Intellectual 
Development 
see Tests and scales 
Group psychology, 337-54 
attraction, 339-41 
conformity and social influ- 
ence, 341-44 
cooperation and competi- 
tion, 343-44 
cross-cultural aspects of, 
360, 366 
encounter groups, 348-49 
environmental psychology, 
347-48 
leadership, 346-47 
methodology, 337-39 
performance, 344-46 
risky shift, 345-46 
social facilitation, 344-45 
task performance, 345 
summary, 349-50 
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Heart rate 
and attention measurement, 
2-3 
Hemicholinium-3 (HC-3) 
in sleep studies, 304 
Hermann grid 
in brightness studies, 222 
to study spatial interaction, 
157 i 
Homosexuality 
personality factors in, 245, 
248 
Hormones 
and obesity, 71 
Hospital 
environmental considerations 
in, 411 _ 
Howard Institute for Youth 
Studies (IYS) 
description of, 458 
Human Relations Area File 
(HRAF) 
in cross-cultural studies, 
358 
Hunger, specific 


` as learned behavior, 54 


Hunger systems 
development of, 10 
6-Hydroxydopamine 
intracerebral injection of 
to study ingestive behav- 
ior, 59, 70 
5-Hydroxytryptamine 
see Serotonin ; 
5-Hydroxytryptophan (5-HTP) 
in sleep studies, 301-2 
Hyperactivity 
drug treatment of, 8 
Hyperkinetic children (mini- 
mal brain dysfunction) 
studies of, 9 
Hypnotizability 
personality factors in, 245 


Guilford-Zimmerman Temper- Hypoglycemia 


ament Survey 
see Tests and scales 
Guilt Embarassment Scale 
see Tests and scales 
Guttman-Lingoes (G-L) pro- 
- grams 
in multidimensional scaling, 
481-82 


H 


Hall Occupational Inventory 
see Tests and scales 
Hallucinators 
personality assessment of, 


Headstart 
differences between black 
and white children in, 
31 
Heart 
differences in normal and 
psychopathic children, 9 


conditioned 
insulin release in, 56 
and food intake, 65-67 
Hypokinesia 
role of lateral hypothalamus 
in, 59 
Hypothalamus 
in motivation, 54 
Hypothalamus, caudal 
role in basic drives, 59 
Hypothalamus, lateral 
dopaminergic nigro-striatal 
pathway of 
in ingestive behavior, 59 
effect on drinking water, 
65 
effect on ingestive behavior, 
57-61 
osmosensitive cells, 60 
effects of injury to 
see Lateral hypothalamus 
syndrome 
Hypothalamus, ventromedial 


and eating, 65 
injury to 
hyperphagia-obesity syn- 
drome, 70-71 
I 
Illusions 
.Ames room 
perception of, 225 
cross-cultural aspects of, 
360-62 
Delboeuf 
sensory factors in, 226 
Ebbinghaus 
perception studies of, 225 
moon 
adjacency principle, 225 
similarity to underwater 
illusions, 224 
Müller-Lyer 
cross~cultural aspects of, 
359, 361-62 
eye movements, 216 
perception studies of, 225- 
26 


perception of, 225-26 
adaptation level theory of, 
225-26 
ecological theory of, 226 
general constancy theory, 
225 
sensory factors, 226 
pilots' nighttime, 228-29 
Poggendorif 
perception research on, 
225-26 g 
Ponzo 
adjacency principle, 225 
Piagetian study of, 226 
similarity with orientation 
changes, 211 
size-weight, 225 
Zollner 
adjacency principle, 225 
Imitation 
and attraction, 326 
Immediacy 
in group psychology, 342 
Impulsivity 
and E and N scores, 245 
Indians, American 
counseling of, 129 
Individual differences 
scaling of, 484-85 
Industrial psychology 
see Personnel attitudes and 
motivation 
Infant 
attention measurement in, 
2-3 
behavior modification of, 37 
educational value of stimula-- 
tion of, 455-56 
-mother separation effects, 
12 
physiological state and 


behavior, 1-2 
sleep of, 282, 289 
Information processing 
cross-cultural aspects of, 
360 
developmental aspects of, 
17-19 
dark interval threshold, 
18 
drawing recognition, 18 
dyslexia, 18 
Infrared reflection 
instruments using, 208 
Ingestive behavior 
food ingestion, 65-67 
glucostatic control of, 66 
noradrenergic and choliner- 
gic control, 72-74 
osmolality of serum, 67 
in physiological regulation, 
55-56 
role of lateral hypothalamus 
and reticular formation 
in, 57-61 
and thermoregulation, 54 
Ingratiation 
reviews on, 317 
Inner City 
mental health in, 427, 446, 
453-59 
action programs, 457-59 
compensatory education, 
453-57 
Insulin 
and food ingestion, 66, 71 
Intelligence 
artificial, 108 
cross-cultural aspects of, 
360 
and personality, 243, 245 
Intelligence quotient (IQ) 
and basic learning ability, 
33 
gains after compensatory 
education, 456 
group comparisons 
racial and socioeconomic, 
31 
treatment effects on scores, 
29-31 
Intelligence test responses 
behavior modification of, 
37 
Interpersonal attraction, 317- 


basic similarity as factor in, 
320 


comment, 329-30 
consequences of, 325-26 
approach/avoidance respon- 
ses, 325 
conformity, modeling, and 
acquiescence, 326 
evaluative and descriptive 
responses, 325-26 
learning, 326 
equation for, 326 
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factors in, 339-41 
introduction, 317 
"law oi," 328-29 
measurement of responses, 
318-19 
nonverbal, 319 
verbal, 318-19 
physical attractiveness, 321- 
22 
population studies, 320 
stimuli eliciting responses, 
319-25 
characteristics of target 
individuals, 321-23 
personality characteristics 
of respondent, 324-25 
relationship between char- 
acteristics of target and 
respondent, 319-21 
stimulus conditions not 
directly attributable to 
target, 323-24 
theories of, 326-29 
cognitive, 327-28 
other, 329 
reinforcement, 328-29 
Interpersonal Check List 
see Tests and scales 
Interpersonal Judgment Scale 
see Tests and scales 
Interpersonal Process Recall 
description and use of, 123 
Intracerebral injection 
site of action of, 73 
Item representations 
in learning, 85-90 
comments on alternative 
assumptions, 89-90 
forgetting, 87-88 
retrieval, 88-89 
storage, 85-87 


J 


Japanese 


conformity studies of, 341- 
42 


Jensen, Arthur R. 


controversy of IQ, 29, 33 


Job enlargement 


evidence for, 393-94 
moderator relationships, 
394 
Job satisfaction 
theory of, 379-82, 384, 386, 
-391 


Judgments 


distributional characteris- 
tics of, 491 


L 


Lafayette-Wyandotte project 


description of, 451 


Language 


English as a second language, 
455 
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as factor in intelligence 
testing, 31-33 
of infants, 6 
in paired-associate learning, 
25 
Laser 
in study of vision accomoda- 
tion, 208 
Lateral geniculate body 
to study rod responses, 163 
Lateral geniculate nucleus 
in visual sensitivity, 159 
Lateral Hypothalamic Syndrome 
and hunger and thirst, 55, 
67-70 
see also Hypothalamus, lat- 
eral 
Leadership 
cross-cultural studies of, 
360 
and employee motivation, 
384 
group studies of, 346-47 
Learning 
associative 
classification in, 104-5 
developmental studies of, 
33 
attraction as factor in, 326 
and E and N scores, 246 
paired-associate 
developmental aspects of, 
25-27 
probability 
behavior modification in, 
37 
rote 
by children, 33 
serial, 91, 96 
social structural antecedents 
of, 363 
see also Mathematical learn- 
ing theory 
Least preferred co-worker 
in leadership research, 
347 
Least- squares 
in scaling, 488 
Likability 
interview assessments of, 
318 
Limulus 
luminance discrimination by, 
170 
Line patterns 
visual sensitivity to, 159-61 
Locus of Control scales 
see Tests and scales 
Love 
components of, 339 
measurement of, 318, 
329 
Lumbar motoneurons 
role in basic drives, 60 
Luminance discrimination 
sensitivity studies of, 170- 
71 
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M 


Mach bands 
neural systems underlying, 
159 
and spatial selectivity, 213 
Make- A- Picture-Story Test 
see Tests and scales 
Management by Objectives 
effectiveness, 387 
Managerial performance 
studies of, 380, 396 
Manic-depressives 
E and N scores of, 246 
Manifest Anxiety scale 
see Tests and scales 
Map-sketch 
to study environment cog- 
nition, 405 
Marital choice 
theories of, 329, 339 
Marital success 
reviews of, 317 
Marlowe-Crowne scales 
see Tests and scales 
Masking 
_ visual, 201-10 
backward masking, 168-69 
Mathematical learning theory 
analyses of specific learning 
tasks, 92-105 
acquiring information for 
choice and decision, 102 
learning classification 
rules, 102-5 
learning to recognize, 93- 
94 
learning to retrieve items 
on cue, 96-99 
learning to retrieve lists, 
95-96 
stimulus-response condition- 
ing, 99-102 
formal aspects of mathemat- 
ical models, 105-7 
mathematical and statistical 
studies, 106-7 
types of theory, 105-6 
introduction, 81-85 
computer influences upon, 
82 
conceptual advances, 82 
diagram of divisions of 
information-processing 
function in human memory 
system, 83 
terminology explained, 83- 
85 
textbooks, 107-8 
what is learned, 85-92 
generative representations, 
90-92 
item representations, 85-90 
Mathematical models 
of learning theory, 105-7 
mathematical and statistical 
studies, 106-7 
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types of theory, 105-6 

Mathematics 

see Scaling 
Maudsley Personality Inven~ 

tory 

see Tests and scales 
McCollough afterimages 

psychophysics of, 160 
MDSCAL Program 


for multidimensional scaling, 


481-84 
Measurement 
foundations of, 474 
see also Personality mea- 
surment; Scaling 
Mechanization Scale 
see Tests and scales 
Melatonin 
circadian rhythm of produc; 
tion of, 304 
Memoirs 
as research source, 342 
Memory 
depth of memory storage, 
103 
developmental aspects of, 
27-29 


conceptual category organ- 


ization in, 28 
organization, 20, 27-28 
phonetic relationships in, 

27 

divisions of information- 
processing function in, 

83 


forgetting, 87-88 

free-recall, 95 

generative representations 
in, 90-92 

infant, 4 

item storage in, 85-87 

learning, 108 


learning classification rules, 


102-5 


classification in associative 


learning, 104-5 
multidimensional rules, 
104 
single dimensional rules, 
102-3 
long-term (LTM) 
emergence in rat, 11-12 
in learning, 83-88, 93, 
97 
organization of, 20, 27-28 


retrieval processes, 82, 88- 


89 
short-term (STM) 
in learning theory, 83-88, 
90-91, 93, 95, 97, 103 


social structural antecedents 


of, 363 
storage 
processes of, 82, 85-87, 
90-92 
Menstrual cycle 
and odor sensitivity, 193 


Menstrual irregularity 
personality correlations 
with, 243 
Mental Health 
community 
Coordinate Index Reference 
Guide to, 426 
medical model of, 429-32 
diagnosis, 431 
effectiveness of, 431 
preventive model of, 432-49 
consultation, 440-43 
crisis intervention, 439-40 
early childhood focus, 437- 
39 
nonprofessionals in mental 
health, 443-49 
primary, secondary, and 
tertiary, 432-34 
systems centered approach- 
es to, 434-37 
unresolved problems in, 
427-28 
Mental illness 
cross-cultural aspects of, 
360 
see also Psychotherapy; 
and specific disorders 
Mental retardation 
dark interval thresholds in, 
18 
mediational deficiency hypo- 
thesis in, 26 
Metacontrast 
evoked potentials in analysis 
of, 208 
in vision, 169-70 
Methylphenidate 
on hyperactive children, 8 
Mexican Americans 
counseling of, 129 
Michill Adjective Rating Scale 
see Tests and scales 
Mini- Mult 
see Tests and scales 
Minnesota Multiphasic Person- 
ality Inventory 
see Tests and scales 
Missouri Diagnostic Classifica- 
tion 
see Tests and scales 
Modernization 
cross-cultural aspects of, 
366-67 
Monkeys 
developmental studies of, 12- 
13 


perception studies of, 209, 
219, 223 
visual sensitivity of, 158- 
59, 171, 174 
Monoamine oxidase inhibitors 
(MAOI) 
on sleep, 302-4 
Monte Carlo studies 
error functions in, 483 
Moral judgment 


children's levels of, 39-40 
cross-cultural aspects of, 
360 
Mosher Sex Guilt Scale 
see Tests and scales 
Mothering 
cross-cultural studies of, 


Motion 
perception of, 217-19 
aftereffects of (MAE), 
218 
apparent movement, 217-18 
interactions, 218-19 
mechanisms of movement, 
219 
real movement, 217 
Motivation 
importance in students, 
132 . 
role of hypothalamus in, 
54 
work, 379-97 
goal setting, 385 
occupation-related, 394- 
96 
pay as, 380, 387-88 
role motivation theory, 
396 
Motor activity 
and hypothalamus, 54 
Miiller-Lyer illusion 
see Illusions 
Multidimensional scaling, 481- 
88 


books on, 481 
individual differences and 
other extensions, 484-85 
models, algorithms, and 
methods, 481-84 
artificial data analyses and 
error problem, 482-83 
conclusions, 484 
general and theoretical, 
481-82 
other models and situations, 
483-84 
validity of, 485-88 
comparison of structures 
from different data sets, 
485-86 
MDS structures and uni- 
dimensional judgments, 
486-87 
transactions between MDS 
and other aspects of psy- 
chology, 487-88 
Myers-Briggs Type Indicator 
see Tests and scales 


N 
Necturus 
visual sensitivity of, 158, 
164 


Need for approval 
measurement of, 248 
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Need hierarchy theory 
of work motivation, 389-91 
evidence, 389-90 
related theories, 390- 
91 
research generated, 390 
Neighborhood Service Center 
(NSC) 
description of, 458-59 
Neurophysiology 
developmental aspects of, 
13 
Neuroticism scale 
see Tests and scales 
Newborn 
conditionability of, 6 
sleep states of, 289 
see also Infant 
New York Institute for Develop- 
mental Studies (IDS) 
program at, 455 
Noise 
environmental aspects of, 
407-8 
Nonprofessionals 
in psychotherapy, 443-49 
see Paraprofessionals 
Norepinephrine (NE) 
on drive behavior, 72-73 
in sleep studies, 301, 304- 
5 
Noses, artificial 
in olfactometry, 190 
Nucleus reticularis pontis 
oralis (NRPO) 
in sleep-wakefulness stud- 
ies, 281 


(0) 


Obesity 
following hypothalamic in- 
jury, 70 
Object permanence 
animal studies of, 12 
Odor 
intensity, 190-96 
measurement of, 407, 494, 
496 
quality of, 196-201 
Olfaction 
see Olfactometry; Sense of 
smell 
Olfactometers, 189-90 
camera inodorata, 189 
capillaries and constant air 
flow, 189-90 
construction techniques, 189 
multichannel, 190 
Olfactometry, 187-90 
artificial noses, 190 
blast injection, 188 
olfactometers, 189-90 
sniff bottles, 188 
sniff strips, 188-89 
Omnibus Personality Inventory 
see Tests and scales 
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Ontogeny 
of sleep, 288-89 
Opinion, Attitudes, and Inter- 
est Survey 
see Tests and scales 
Ordinal relations 
in scaling, 476-77 
Organizational psychology 
see Personnel attitudes and 
motivation 
Orientation 
perception of 
developmental aspects of, 
15 
selectivity, 209-12 
color aftereffects, 211 
conclusion, 211-12 
horizontal and vertical, 
211 
induced changes of per- 
ceived orientation, 210- 
11 
tilt aftereffects, 210 
visual masking and adapta- 
tion, 209-10 
Outreach mental health pro- 
grams 
nonprofessional therapists 
in, 445 


P 


Paired-associate learning 
see under Learning 
Pairwise choice models 
in scaling, 489-90 
Parachlorophenylalanine 
(PCPA) 
in sleep studies, 301-3, 
305 
Paraprofessionals 
in counseling, 125-27 
see Nonprofessionals 
Pattern classification 


> role in memory and learn- 


ing, 90 
Pattern perception 
developmental aspects of, 
15-16 
Peabody Picture Vocabulary 
Test 
see Tests and scales 
Peabody Program 
of compensatory education, 
455 
Penis 
erection of 
during sleep, 285 
Perception, 207-40 
books and reviews, 207-8 
of brightness, 221-22 
cortex role in, 209 
cross-cultural aspects of, 
360 
environmental antecedents 
of, 361 
developmental studies of, 
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14-19 invariance, 223 
abstract spatial operations, mechanisms and models, 
14-15 223-24 
eye fixation and scan pat- methodology, 224 
terns, 16 underwater environment, 
information processing, 224 
17-19 spatial selectivity, 212-13 


modalities and perceptual 
development, 16-17 

perception of orientation, 
15 


apparent frequency shift, 
212-13 
of stabilized images, 216 
! tickling, 229 
schema and feature theories visual search, 220-21 
of pattern perception, 14- Performance 
16 group, 344-46 


size-shape constancy and 
perception of depth, 14 
effects of eye movements 
on, 219-20 
environmental aspects of, 
404-5 
of form and pattern, 213-16 
eye movement, 215-16 
multivariate analysis of, 
214 
physical measures, 214 
verbal mediation, 214-15 
of human face, 215 
of illusions, 225-26 
adaptation level theory, 
225-26 
general constancy theory, 
225 
sensory factors, 226 
infant development of, 3-5 
instrumentation and method- 
ology in, 208 
models of, 208-9 
of motion, 217-19 
aftereffects of, 218 
apparent movement, 217-18 
interactions, 218-19 
mechanisms of movement, 
219 
real movement, 217 
orientation selectivity, 209- 
12 
color aftereffects, 211 
conclusion, 211-12 
horizontal and vertical, 
211 
induced changes of perceiv- 
ed orientation, 210-11 
tilt aftereffects, 210 
visual masking and adapta- 
tion, 209-10 
of persons, 317 
by pilots at night, 228-29 
rearrangement studies, 226- 
28 
mechanisms and models, 
226-27 
methodological, 227-28 
parametric, 227 
of size and distance, 222- 
25 
books on, 222-23 
conclusion, 224-25 


risky shift, 345-46 

social facilitation, 344- 
45 

task performance, 345 


Personality 
crisis role in shaping of, 


439-40 


cross-cultural aspects of, 


358, 360, 367-70 
deviant behavior, 369-70 
environment, 367 
other's role in, 368-69 
social structure influence, 

367-68 


and environment, 405-6 
and interpersonal attraction, 


322-25, 340 


and occupation choice, 


134 


Personality measurement, 


241-78 


books, reviews, and bibliog- 


raphies, 241-42 


convergent and discriminant, 


validity, 256-58 


evaluative and descriptive 


consistency, 250-51 


inventories, 243-48 


adjective check lists, 247- 
48 

Allport- Vernon- Lindzey 
Study of Values, 247 

California Psychological 
Inventory, 243-44 

Comrey Personality Scales, 

246-47 

Differential Personality 
inventory, 247 

Edwards Personality 
Inventory, 246 

Edwards Personal Prefer- 
ence Schedule and Per- 
sonality Research Form, 
244-45 

Eysenck Personality Inven- 
tory, 245-46 

Maudsley Personality In- 
ventory, 245-46 

Minnesota Muitiphasic 
Personality Inventory, 
243 

Omnibus Personality Inven- 
tory, 247 


Personal Orientation 
Inventory, 246 
Sixteen Personality Factor 
Questionnaire, 245 
Spiegel Personality Inven- 
tory, 247 
ipsative and normative scales, 
258-60 i 
problems in, 242 
response styles, 251-54 
acquiescence, 253-54 
extreme response set, 254 
social desirability, 251- 
53 
role playing, 255-56 
scales, 248-49 
MC scale, 248 
Mf scales, 248 
miscellaneous, 248-49 
new, 249 
social desirability scale 
values, 249-50 
Personality Research Form 
see Tests and scales 
Personal Orientation Inventory 
see Tests and scales 
Personnel attitudes and moti- 
vation, 379-402 
content theories, 389-97 
job enlargement, 393-94 
need hierarchy and self- 
actualization, 389-91 
overview of, 396-97 
theories of occupational- 
related motives, 394-96 
two-factor theory, 391-93 
introduction, 379-80 
process theories, 381-89 
equity theory, 387-88 
overview of, 388-89 
theories of goal settings and 
intentional behavior, 385- 
87 
valence-instrumentality- 
expectancy (VIE) theories, 
381-85 
Phentolamine 
on drinking, 64 
Photometry 
problems in, 172 
Phylogeny 
of sleep, 288-89 
Physiological psychology 
of sleep, 279-316 
Piagetian tasks 
social and cultural aspects 
of, 35-36 
Piaget Object Scales 
see Tests and scales 
Pilots 
night illusion of, 228-29 
Poggendorff illusion 
see Illusions 
Poison avoidance 
developmental studies of, 
11 


as learned behavior, 54 
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Pollution 247 

public attitudes toward, 407 and sleep, 282 
Pons | Psychophysics 

in sleep, 287, 299 of perceiving odor intensity, 
Ponzo Illusion 190-91 

see Dlusions scaling, 492-97 
Poor compound psychophysics, 

mental health problems of, 495-96 

428, 430, 446, 453-59 evidence regarding power 

Posture law, 492-94 

and attraction, 319, 322 psychophysical theory, 
Power law 496-97 


relations between discrim- 
inability and ratio judg- 
ment scales, 494-95 
of spatial interaction, 157 


in scaling, 492-94 
Power motives 

and achievement, 395 
Pregnancy 


fetal effects of, 9 Psychotherapists 
Presidents of U. 8. nonprofessional revolution, 
relationship between achieve- 443-49 


ment and power motives analysis of functions, 447- 
8 


of, 395 
Prestige Psychotherapy 
and interpersonal attraction, outcomes, 431 
322-23 persistence in 
Primates personality factors in, 244 . 


Puerto Ricans 
counseling of, 129 
Punishment 
ethics of, 37 


developmental psychology of, 
12 


Prismatic displacement 
adaptation to, 226-27 


Prison Purkinje shift 
model prison experiment, in normals and tritanopes, 
343 163 
Prisoner's Dilemma Game 
attraction influence on, 326, Q 
339 
Privacy Preference Scales Quail, Japanese 


see Tests and scales 
Problem solving 


flexibility of late fetal and 
early neonatal develop- 


models of, 82 ment of, 10 
Progesterone Quantification 
in sleep studies, 296 see Scaling 


Project Head-Start 
description and evaluation of, 
454-55 
Project Re-Ed 
description of, 450-51 
Protective mechanisms 
infant, 2 R 
Pseudocoriolis device 
description and use of, 218 
Psychiatric patients 


Quasi-experiment 
to study counseling process- 
outcome, 136 
Quinine hydrochloride 
on drinking, 57 


Race 
and interpersonal attraction, 


vocational outcome of, 322 
244 Radiation 
Psychiatric wards visual sensitivity studies of, 
environmental aspects of, 172-73 


411 Random walk process 
Psychiatry i to study discriminative 
developmental aspects of conditioning, 101 
biobehavioral relationships, Raphe cells 


7-10 serotonergic 
see also Mental Health; in sleep, 283-84, 297 
Social and community Raven Progressive Matrices 
interventions Test 
Psychopathology see Tests and scales 
cross-cultural studies of, Readiness for Vocational 
360, 369-70 Planning Scale 


personality tests measuring, see Tests and scales 
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Reading | 
counseling as form of im- 
proving, 142 
Rearrangement 
perceptual, 226-28 
Recognition 
learning of, 93-94 
Simulation of, 94 
Reflection-impulsivity 
and pattern perception, 16 
Reinforcement 
as theory in attraction, 328- 
29 
Renin 
and thirst, 64 
Renshaw-like cells 
in brain sleep induction, 295, 
305 
Reserpine 
in sleep, 301, 304 
Residential Youth Center 
(RYC) 
uses and value of, 457-58 
Response set 
extreme, 254 
Response styles 
in personality testing, 251- 
54 


Responsibility diffusion 
and risky shift, 246 
Retardates 
see Mental retardation 
Reticular formation 
role in ingestive behavior, 
57-61 
role in motor activity, 61 
in sleep-wakefulness studies, 
291-92 
Retina 
electrical responses to pat- 
tern stimulation, 161-62 
ganglion cells of 
receptive fields of, 208-9 
image on 
and eye movement, 220 
in line pattern studies, 160 
processes of, 162-63 
cone processes, 162 
electrical evidence for rod- 
cone interaction, 163 
mesopic vision, 163 
rod responses, 162-63 
receptive fields of, 157-58 
in size-distance perception, 
223 
spatial considerations of, 
153-54 
stabilization of images on, 
216 
Retrieval 
from memory 
processes of, 88-89, 92, 
95-99 
Rewards . 
for children 
material vs symbolic, 36 
Rhodopsin i 
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resynthesis of 
temporal aspects of, 162 
Risky shift 
as group phenomenon, 345- 
46 
Rochester Primary Mental 
Health Project 
description of, 452 
Rod 


responses of, 162-63 
Rod-cone interaction 
electrical evidence for, 163 
Role perception 
and behavioral intentions . 
cross-cultural studies of, 
365-66 
Role playing 
in personality measurement, 
255-56 
Rosenzweig Picture- Frustra- 
tion Test 
see Tests and scales 
Rotary pursuit performance 
personality test for, 244 


S 
Saccade 
see Eye, movement of 
Saccharin 


effect on drinking, 57-58, 
67 
Scaling, 473-506 
axiomatic measurement 
theory, 474-78, 480 
comments, 477-78 
conjoint measurement, 
475-76 
extensive measurement, 
477 
ordinal relations, 476-77 
eross-cultural considerations 
in, 358 
evaluation and prospectus, 
497-98 
with functional models, 478- 
80 
general considerations, 
480 
in signal detection, 479-80 
substantive models, 478-79 
general sources, 497-98 
multidimensional scaling, 
481-88 
in behavioral sciences, 481 
individual differences and 
other extensions, 484- 
85 
models, algorithms, and 
methods, 481-84 
validity studies, 485-88 
psychophysical relations, 
492-97 
compound psychophysics, 
495-96 
evidence regarding power 
law, 492-94 
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psychophysical theory, 
496-97 
relations between discrim- 
inability and ratio judg- 
ment scales, 494-95 
unidimensional scaling, 488- 
92 
effects of contexts on scale 
values, 490-91 
methodological develop- 
ments, 488-89 
pairwise choice models, 
489-90 
relations among different 
methods, 491-92 
see also Tests and scales 
Scanning, visual 
feature analyzers role in, 
221 
Schizophrenia 
cross-cultural studies of, 
369-70 
effects of pregnancy, birth, 
and perinatal disorders 
in etiology of, 9 
state of art in healing, 428, 
431 
Schizophrenics 
counseling of outpatients, 
127 
personality testing of, 243- 
44 


School 
environmental aspects of, 
411 
mental health in, 427, 435- 
37, 450-53 
Seating proximity 
and attraction, 319 
Self 
house as symbol of, 410 
Self-actualization 
in work motivation, 389-91 
Self-adaptation 
in olfaction, 193-95 
Self- concept 
and interpersonal attraction, 
321 
Self-esteem 
and attraction, 321 
and work performance, 388 
Self-image 
in cross-cultural perspective, 
360 
Self-regulation 
in college students, 131 
Semantic differential 
description of, 490 
to rate distance between 
people, 143 
Sensation seeking 
personality factors in, 
244-45, 249 
Sensation-Seeking scale 
see Tests and scales 
Sense of smell, 187-206 
conclusion, 201-2 


environmental aspects of, 
407-8 
odor intensity, 190-96 
cross-adaptation, 195-96 
detection, 191-93 
facilitation, 196 
psychophysical function, 
190-91 
self-adaptation, 193-95 
odor quality, 196-201 
hedonics, 200-1 
identification, 196-97 
multidimensional analysis 
of odor similarity, 198 
odor mixture, 198-200 
odor similarity and clas- 
sification, 197-98 
olfactometry, 187-90 
artificial noses, 190 
blast injection, 188 
olfactometers, 189-90 
sniff bottles, 188 
sniff strips, 188-89 
Sensitivity 
to odor, 193 
as used in vision research, 
151 
Sensitivity training 
of counselors, 120 
theory and practice of, 
49 
Sensitization 
visual spatial, 154-57 
Sensory environment 
quality of, 407-8 
Sensory functions 
ontogenesis of 
in birds and mammals, 13 
Sensory stimulation 
drives as organization of, 
53 
during sleep,. 284 
Serotonin (5-Hydroxytrypta~ 
mine, 5 HT) 
on basic drives, 73 
in sleep studies, 296, 301-5 
Serum osmolality 
and food intake, 67 
Sex 
and interpersonal attraction, 
322 
and occupation, 129-30 
Sex differences 
in odor sensitivity, 193, 200 
Sex hormones 
and obesity, 71 
Sexual arousal 
and attraction, 323-24 
Shallow Affect Scale 
see Tests and scales 
Signal detectability 
cross-cultural aspects of, 
363 
scaling of, 479-80 
Similarity 
in encoding processes, 82 
Similarity judgment 


348- 


Ekman's vector model for, 
483 

structure comparisons, 485 
Size 

perception of, 222-25 
Size-shape constancy 

developmental studies of, 14 
Skeletal system 

during sleep, 285-86 
Skin color 

and illusion susceptibility, 


Skin resistance 
personality factors in, 245 
see also Galvanic skin re- 
sponse 
Sleep, 279-316 
active or passive state, 
280 


classification of stages of, 
. 282 
deprivation studies, 282, 


disorders of, 282 
introduction, 279-82 
neural mechanisms of, 289- 
300 
sleep onset, 292-97 
for various stages of sleep, 
297-300 
wakefulness, 290-92 
neurochemistry of, 300-5 
circadian sleep-wakeful- 
ness cycle, 304-5 
NREM mechanisms, 301-2 
REM mechanisms, 302-4 
non-Rapid-Eye Movement 
(NREM), 280-307 
adaptive functions of, 305-7 
autonomic system in, 284- 
85 
central processes of, 286, 
288 
characterization of, 280- 


EEG of, 282-83 

neural mechanisms of, 
293, 297-300 

neurochemistry of, 301-2 

phylogeny and ontogeny of, 
288~89 

skeletal system, 285 

phenomena of, 282-89 

autonomic system, 284- 
85 

central processes, 286- 
88 


depth and arousal thresh- 
olds, 283-84 

human EEG, 282-83 

phylogeny and ontogeny, 
288-89 

skeletal system, 285-86 

Rapid Eye Movement (REM), 

280-307 

adaptive functions of, 308- 
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autonomie system in, 
284-85 
central processes of, 286- 
88 
characterization of, 280- 
82 
EEG of, 282-83 
neural mechanisms of, 
295, 298-300 
neurochemistry of, 301-4 
phylogeny and ontogeny of, 
288-89 
skeletal system in, 285-86 
Smell 
see Sense of smell 
Smokers g 
odor sensitivity of, 195-96 
personality assessment of, 
243-44 
Sniff bottles and strips 
in olfactometry, 188-89 
Social aspects of develop- 
mental psychology, 29- 
37 
associative and conceptual 
learning, 33 
group comparisons of IQ, 
31 


Jensen controversy, 29 
linguistic factors, 31-33 
longitudinal studies, 34- 
35 
miscellaneous studies, 36 
Piagetian tasks, 35-36 
summary, 36-37 
treatment effects on IQ 
scores, 29-31 
Social and Community inter- 
ventions, 423-72 
applications to Settings, 
449-59 
inner city, 453-59 
schools, 450-53 
conceptual alternatives, 
428-49 
medical model, 429-32 
preventive model, 432- 
49 : 
concluding remarks, 460 
introduction and scope, 423- 
27 
inner city reveiws, 427 
overviews and surveys of 
field, 426 
schools reviews, 427 
unresolved mental health 
problems, - 427-28 
Social desirability scale 
values 
of personality items, 249-50 
Social facilitation 
methodology and theory, 
344-45 
Social mobility 
and ethnicity, 129 
Social psychology 
in student counseling, 136- 
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40 
attraction factor, 137, 
139-40 
trustworthiness, 138-39 
Social structure 
-cultural psychology of, 359- 
71 


Socioeconomic class 
cross-cultural aspects of, 
360 
effect on child development, - 
29-37 
Sociopaths 
personality assessment of, 


Sodium chloride 
and thirst, 64, 67, 72 
Space (distance) 
interpersonal, 348 
cross-cultural aspects of, 
360, 364, 366-67 
human spatial behavior, 
409-10 
personality correlates of 
measures of, 406 
perception of, 222 
development of abstract 
operations of, 14-15 
selectivity of, 212-13 
Spaceflight 
human factors in long dur- 
ation, 337 
Spatial discrimination 
electrical responses to 
pattern stimulation, 161- 
62 
line patterns, 159-61 
mach bands, 159 
receptive fields, 157-58 
retinal perimetry, 153-54 
simultaneous contrast, 158- 
59 
spatial interaction, 157 
spatial sensitization effects, 
154-57 
spatial summation, 152-53 
stabilized image, 158 
visual acuity, 154 
Spectral sensitivity 
visual, 171-72 
Sphincters 
during sleep, 285 
Spiegel Personality Inventory 
see Tests and scales 
Squirrel 
visual sensitivity of, 164 
SSA-I program 
for multidimensional scaling, 
481-82 
Stanford-Binet 
see Tests and scales 
Starvation 
anorexia after, 56 
Stereo blindness 
mechanisms of, 224 
Stereotypes, ethnic 
cross-cultural studies of, 
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364-65 
Stimulus- Response Inventory 
of Anxiousness and Hos- 
tility 
see Tests and scales 
Stimulus sampling 
theory of, 107-8 
Stiles-Crawford effect 
comparative studies of, 162 
Storage in memory 
processes in, 82, 85-87, 90- 
92 
Story-telling 
as method to study job sat- 
isfaction, 391-92 
Stren 
explanation of, 435 
Stress 
cross-cultural aspects of, 
360 
Strong Vocational Interest 
Blank 
see Tests and scales 
Strychnine 
on cortical sleep mechanisms, 
295 
Student development and coun- 
seling, 117-50 
clients, 127-35 
cross-cultural, 128-30 
introduction, 127-28 
problems clients bring, 131- 
35 
students, 130-31 
conclusions, 144 
counselor role, 117-20 
counselor training, 120-25 
paraprofessionals, 125-27 
process-outcome research, 
135-44 
counseling as behavior 
modification, 140-43 
miscellaneous, 143-44 
sociopsychologically or- 
iented research, 136-40 
Students 
demonstrators 
personality of, 131 
factors related to persis- 
tence-withdrawal, 130- 
31 
as therapists, 444-45 
Stuttering 
behavior modification treat- 
ment of, 37-38 
Success 
cross-cultural studies of 
meaning of, 364 
Sucking ` 
effects of milk on, 12 
Suicide 
cross-cultural studies of, 
360, 370 - 
Sumter Child Study project 
description of, 452 
Swaddling 
of infant, 2 
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T 


Taste 
and odor, 192, 195 
scaling of, 475, 484 
Taste blindness 
personality testing in, 243 
Temne 
conformity among, 341 
Temperature 
of brain 
and sleep, 296 
environmental, 408 
regulation of 
see Thermoregulation 
Tennessee Self-Concept 
Scale 
see Tests and scales 
Tests and scales 
Accurate Empathy Scale 
construct validity of, 249 
Acquiescence scales, 253-54 
adjective check lists 
in environment assessment, 
404 
new scales, 248 
specific tests, 247 
Allport-Vernon-Lindzey 
Study of Values (AVL) 
construct validity of, 247 
correlations, 244 
Alpert-Haber Achievement 
Anxiety Test 
construct validity of, 249 
anxiety scales 
construct validity of, 249 
Attitudes about Wildlife 
Q-Sort Deck 
description of, 406 
Barrett-Lennard Relation- 
ship Inventory 
construct validity of, 248 
Bayley Infant Scale 
longitudinal studies of, 34 
Bender-Gestalt 
racial differences in, 31, 
34 
Buss-Durkee Hostility Scale 
construct validity of, 249 
California Psychological 
Inventory (CPI) 
. correlations with other 
personality scales, 244 
social desirability scale 
values of items on, 241 
theory and techniques in, 
243-44 ; 
Cattell Infant Intelligence 
Scale 
longitudinal studies of, 
34 
Cattell Object Scales 
socioeconomic aspects of, 
30 
comparative validities of 
forced-choice and single- 
stimulus scales, 242 


Comrey Personality Scales 
(CPs) 
expansion of number of 
dimensions of, 246-47 
Counseling Evaluation In- 
ventory (CEI) 
in client-counselor eval- 
uation comparisons, 
121 
Death Anxiety Scale 
construct validity of, 249 
Differential Personality 
Inventory (DPI) 
to measure psychopathology, 
247 
Dominance 
construct validity of, 249 
dominance-submissiveness 
and interpersonal attraction, 
321 
Draw-a-man 
racial differences in, 31 
Edwards Personality Inven- 
tory (EPI) 
social desirability scale 
values of items on, 241 
theory and techniques, 
246, 258 
Edwards Personal Preference 
Schedule (EPPS) 
correlations, 244, 246 
social desirability scale 
of items on, 241 
to study counseling, 137 
theory and techniques of, 
244-45, 259 
Empathetic Understanding 
in Interpersonal Process 
Scale 
in counselor evaluation, 
124 
Environmental Personality 
Inventory 
what is measured, 405-6 
Environmental Response 
Inventory 
description of, 405-6 
Experimental Omnibus 
Vocabulary Test 
to study factor structure 
of Piagetian tasks, 39 
Extraversion-Introversion 
correlations with, 245-46 
and MMPI score, 243 
physiological, 246 
Eysenck Personality Inven- 
tory (EPI) 
theory and techniques, 245- 
46, 255-56, 260 
Goldschmidt Assessment 
Kit 
social and cultural aspects 
of, 35 
Gordon Personal Inventory 
correlations, 246 
Gordon Survey of Interper- 
sonal Values 


construct validity of, 248 
Griffiths Scale of Intellectual 
Development 
compensatory education 
testing by, 456 
Guilford- Zimmerman Tem~ 
perament Survey 
construct validity of, 249 
Guilt Embarassment Scale 
construct validity of, 249 
Hall Occupational Inventory 
cross-cultural use of, 128 
Interpersonal Check List 
and MMPI, 243 
Interpersonal Judgment Scale 
in attraction studies, 318, 
320 
ipsative and normative scales, 
258-60 
Living Room Check List 
uses of, 404 
Locus of Control (LC) scales 
theory testing research on, 
260 
Make-A-Picture-Story Test 
environmental effects on, 
410 
Manifest Anxiety scale 
and defensiveness, 252 
reconceptualization of, 242 
theory testing research, 
260, 262 
Marlowe-Crowne (MC) 
theory and correlation 
studies, 248, 253 
Marlowe-Crowne need for 
approval 
and interpersonal attraction, 
321 
Marlowe-Crowne Social 
Desirability Scale 
to study counseling, 137 
Masculinity-Femininity (Mf) 
validity studies of, 248 
Maudsley Personality Inven- 
tory (MPI) 
theory and techniques, 245- 
46, 256 
Mechanization scale 
description of, 406 
Michill Adjective Rating 
Scale 
construct validity of, 248 
Mini- Mult 
development of, 243 
Minnesota Multiphasic Person- 
ality Inventory (MMPI) 
acquiescence scale of, 253~ 
54 
differential diagnosis by, 
243 
Mini-Mult, 243 
psychopathic deviate scale 
of, 260 
seven new scales from, 
251 
social desirability scale 
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of, 241, 249, 251-52 
theory and technique of, 
243 
Missouri Diagnostic Clas- 
sification plan 
in client-counselor eval- 
uation, 118 
Mosher Sex Guilt scale 
construct validity of, 249 
Myers-Briggs Type Indicator 
construct validity of, 249 
Neuroticism (n) scale 
correlations with, 245-46 
new scales, 249 
Omnibus Personality 
Inventory (OPI) 
correlations, 247 
in occupation- personality 
studies, 134 
sex differences in, 130 
Opinion, Attitudes, and 
Interest Survey 
construct validity of, 249 
Peabody Picture Vocabulary 
Test (PPVT) 
racial and social aspects 
of results, 31-32, 34-35 
Personality Research Form 
theory and techniques, 
244-45, 255, 259 
Personality Research Form 
AA 


social desirability scale 
values on, 241 
Personal Orientation Inven- 
tory (POI) 
correlations, 244, 246 
in counselor evaluation, 
121 
to study student demonstra- 
tors, 131 
techniques and theory, 246, 
255 
Piaget Object Scales 
socioeconomic aspects of, 
30 
Privacy Preference Scales 
description of, 406 
projective techniques 
problems in, 242 
Q technique, 242 
Raven Progressive Matrices 
Test 
racial differences in, 33 
Readiness for Vocational 
Planning Scale 
socioeconomic class factors 
in, 134-35 
repression- sensitization 
attraction related to, 321 
correlations with person- 
ality measures, 244-46 
theory testing research, 
260, 262 
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social hazards, 406 
Self-Disclosure Inventory 
construct validity of, 249 
Self-Esteem Inventory 
construct validity of, 249 
Self- Perception Inventory 
role playing in, 255 
Sensation-Seeking scale 
construct validity in, 249 
Shallow Affect Scale 
construct validity of, 249 
Sixteen Personality Factor 
Questionnaire (16PF) 
theory and techniques, 245, 
255 
Social Desirability scale 
definition and theory of, 
251-53, 260-62 
Spiegel Personality Inventory 
(SPI) 
to measure psychopathology, 
247 
Stanford-Binet 
longitudinal study, 34 
racial and cultural aspects 
of, 30, 32, 34-35 
Stimulus-Response Inventory 
of Anxiousness and Hos- 
tility 
construct validity of, 249 
Strong Vocational Interest 
Blank 
correlations, 244-45 
eross-cultural use of, 129 
Tennessee Self-Concept 
Scale 
in counselor evaluation, 
120-21 
Thematic Apperception Test 
{TAT) 
to study hazard-coping 
styles, 406 
theory testing research, 
260-62 
outcomes of theory testing 
research, 261 
Ward Atmosphere Scales 
description of, 404 
Weschler Intelligence Scale 
for Children (WISC) 
behavior modification to 
change score on, 38 
social and cultural aspects 
of, 30-31, 34 
Wildernism-Urbanism Scale 
description of, 406 
Willingness to Accept Limita- 
tions Scale 
and MMPI, 243 
Zung Depression Scale 
construct validity of, 248 


Thalamus 


active sleep mechanisms in, 
294-95 


Rosenzweig Picture-Frustra- Thematic Apperception Test 


tion Test 
modified to natural and 


see Tests and scales 


Thermodynamics 
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sealing of, 477 
Thermoregulation 
behavioral, 62-63, 72-74 
hypothalamic lesions’ 
effect, 63 
manipulation of hypothalamic 
temperature, 62-63 
noradrenergic and cholin- 
ergic control of, 72-74 
eating effect on, 54-55 
and motor activity, 54 
Thinking 
cross-cultural aspects of, 
360 
social structure antecedents 
of, 363 
visual, 208 
Thirst 
physiology of, 54 
see also Drinking 
Tickling 
perceptual studies of, 229 
Tilt 
aftereffects of, 210 
Toilets, combustion 
olfactory problems with, 


TORSCA Program 
for multidimensional scaling, 
481-82 
Touch 
role in infant perception, 5 
Transfer shifts 
developmental aspects ‘of, 
19 


Trustworthiness 

as counselor trait, 138-40 
L-Tryptophan 

on sleep, 302-3 


U 


Underwater perception 
of size and distance, 223-24 
Unidimensional scaling 
procedures, 488-92 
effects of contexts on scale 
values, 490-91 
methodological developments, 
488-89 
pairwise choice models, 489- 
90 
relations among different 
methods, 491-92 
University 
student development and 
counseling at, 117-44 
Urban environment 
perception of, 405 


v 


Valence- Instrumentality- Ex- 
pectancy (VIE) theories 
of motivation and job satis- 
faction, 381-85 
evidence for, 381-82 


SUBJECT INDEX 


extensions and modifica~ 
tions, 382-85 
Ventral tegmentum 
role in basic drives, 59 
Verbal mediation 
in learning and transfer 


developmental aspects of, 


19-20 
Videotape 


in counseling research, 123- 
24 


Interpersonal Process 
Recall, 123 


Video Tape Recall of Affect 


Simulation, 123 


VIE 
see Valence-Instrumentality- 


Expectancy 
Vision 
binocular, 173-74 
convergence, 174 
electrophysiological cor- 
relates of, 174 
neural aspects of, 174 
and highway safety, 208 
importance of early exper- 
ience in, 208 
persistance of, 168 
visual search, 220-21 
see also Visual sensitivity 


Visual acuity 


peripheral, 154 


Visual cortex 


electrical responses to 


pattern stimulation, 161- 


62 
single neuron studies of, 
201 


Visual information 


sensory storage of, 82 


Visually evoked cortical po- 


tentials (VECP) 
recording techniques, 208 


in response to pattern stim- 


ulation, 161-62 


Visual perception 


textbooks on, 207-8 


Visual sensitivity, 151-86 


adaptation, 163-64 
dark adaptation, 163-64 
electrical correlates of, 
164 
binocular vision, 173-74 
brightness, 173 
developmental factors, 175 
introduction, 151-52 . 
luminance discrimination, 
170-71 


photometric measurements, 


172 
radiation, 172-73 
retinal processes, 162-63 
cone processes, 162 
electrical evidence for 
rod-cone interaction, 
163 
mesopic vision, 163 


rod responses, 162-63 
spatial considerations, 152- 
62 
electrical responses to 
pattern stimulation, 161- 
62 
line patterns, 159-61 
mach bands, 159 
receptive fields, 157-58 
retinal perimetry, 153-54 
simultaneous contrast, 
158-59 
spatial interaction, 157 
spatial sensitization effects, 
154-57 
spatial summation, 152-53 
stabilized image, 158 
visual acuity, 154 
spectral sensitivity, 171-72 
temporal factors, 164-70 
backward masking, 168- 
69 
flicker, 165-67 
latency, 167 
metacontrast, 169-70 
persistence of vision, 168 
temporal summation, 164- 
65 : 
Visual system 
maturation of 
in infants, 3 
Vocational counseling - 
of college students, 133- 
35 
class aspects, 134-35 
minority groups, 134 
personality factors, 
134 
Vocational interests 
cross-cultural, 129 


W 


Wakefulness 
neural mechanisms of, 290- 
92 
Ward Atmosphere Scales 
see Tests and scales 
Water 
environmental considerations 
` of, 408 
Water drinking 
behavioral and neural control 
of, 63-65 
see also Drinking 
Weather 
and behavior, 411 
Weber's law 
restatement of, 494 
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